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SOCIETY AND 
RELATED ACTIVITIES 








PROGRAM 
ANNUAL MEETING, 
AMERICAN 
WELDING SOCIETY 


APRIL 27, 28, 1933 


Hotel Governor Clinton, 
7th Avenue at 31st Street, 
New York 


Thursday, April 27, 1933 


Morning 
9:00 A.M. 
Registration. Main lobby. 
10:00 A.M.—Governor Room 
Business Session—Frank P. McKibben, 
President, presiding. 

(a) President’s report on Society ac- 
tivities. 

(b) Tellers’ Report on Election of Offi- 
cers. 

{<) Miller Medal Award. 

d) Review of Section activities by 
Chairmen Local Sections. 

(e) Discussion. 

12:30 P.M.—Luncheon (Optional), Flor- 
entine Room 
Afternoon 
2:00 P.M.—Governor Room 
J. J. Crowe, Senior Vice-President, pre- 
siding. 

(a) Report Pressure Piping Code Com- 
mittee, by T. W. Greene, C 

b) Discussion. 

c) Report Committee on Use of Welded 
Steel Parts for Machinery Con- 
struction, by G. D. Spackman, 
Chairman. 

(d) Discussion. 

Evening 


7:00 P.M.—Dinner (Optional), Floren- 
tine Room 

8:00 P.M.—Governor Room 

A lecture on “Erecting Steel Building and 
Strengthening Steel Bridges by Weld- 
ing,” by Prof. Frank P. McKibben. 

Presiding Officer—J. B. Tinnon, Chair- 
man, Meetings & Papers Committee. 

Friday, April 28, 1933 
Morning 

10:00 A.M.—Governor Room 

F. T. Llewellyn, Past-President, presiding. 
A lecture on “Must Industry Be a 
Pawn or a Power?” by Charles F. 
Abbott, Executive Director, Ameri- 
can Institute of Steel Construction. 

A lecture on ‘“Welding—A Factor in 
Industrial Revival,’ by Willard T. 
Chevalier, Publishing Director, En- 
gineering News-Record and Construc- 
tion Methods. 

12:30 P.M.—Luncheon (Optional), Flor- 
entine Room 

Afternoon 

2:00 P.M.—Governor Room 

Meeting of American Bureau of Welding, 
C. A. Adams, Director, presiding. 

{% Committee Reports. 
6) Election of Officers, etc. 








(c) Papers by university research 
workers of Fundamental Research 
Committee. 

Evening 
6:30 P.M.—Committee Room, third floor 
Dinner meeting, Board of Directors, 
Frank P. McKibben, presiding. 


ee 


American Transit Association 


The 52nd Annual Convention of the 
American Transit Association and its 
four affiliated Associations: American 
Transit Engineering Association, Ameri- 
can Transit Operating Association, Ameri- 
can Transit Claims Association and Ameri- 
can Transit Accountants’ Association will 
take place at the Stevens Hotel, Chicago, 
Illinois, September 18th, 19th and 20th, 
1933. 

Because of economic conditions and the 
fact that many manufacturers will have 
displays in the Century of Progress Ex- 
position, the exhibit feature of the Asso- 
ciation’s Convention will be omitted this 
year. 


Professor Elihu Thomson 
Honored 


The eightieth birthday of Professor 
Elihu Thomson, dean of Electrical Engi- 
neers, was celebrated at the Massachu- 
setts Institute of Technology on Wednes- 
day, March 29th, by a scientific confer- 
ence, an historical exhibit and a testi- 
monial dinner. The celebration was ar- 
ranged by a committee of 45, representing 
Professor Thomson’s earliest associates, 
the scientific and professional societies, 
the electrical industries and education. 

There were a number of scientific con- 
ferences and lectures. The exhibition of 
many of the inventions of Prof. Thomson 
included also some of his early resistance 
welding transformers. 

There were about 250 guests present. 
Prof. C. A. Adams, also an honorary mem- 
ber of the Society, acted as its representa- 
tive. 


The A. S. H. V. E. Guide 1933 


The American Society of Heating and 
Ventilating Engineers Guide 1933 is now 
available. This 11th Annual Edition of 
the standard reference volume on heating, 
ventilating and air conditioning appears in 
an entirely new “dress” and the contents 
have been extensively enlarged and re- 
vised to include the latest results of re- 
search and modern engineering practice. 
Compiled by the foremost engineers in 
the profession, The Guide 1933 embodies 


in its 45 chapters not only data developed 
at the A. S. H. V. E. Research Laboratory 
and cooperating institutions, but also the 
most practical and useful ideas of out- 
standing engineers in the profession. 


Welded Ships 
(News Release) 


One of the first self-propelled, all-stee! 
cargo ships ever build by the use of the 
patented reverse channel system of hull 
welding was launched recently from the 
Staten Island plant of the United Dry- 
docks, Inc., for the New Jersey Clay Prod- . 
ucts Company of South River, New Jersey. 

The ship, christened Wm. F. Kenny, 
was designed by Henry J. Gielow, Inc. It 
is 185 ft. long, has a displacement of 1200 
tons, a beam of 43 ft. and a draft of 91/, ft. 
It is powered with a pair of 450-hp. Winton 
diesel engines. 

The new method of construction, here- 
tofore employed to some degree in barges, 
has attracted considerable attention from 
shipbuilders, naval architects and com- 
mercial shippers for the several reasons 
that building costs are materially reduced 
through elimination of riveting, ribs and 
frames; that the cubic capacity is in- 
creased; that the gross hull weight is re- 
duced and that building time is speeded 
up. 

The steel for the boat was delivered to 
the shipyard in 60-ft. sections, 12 in. deep 
and weighing 20.7 Ib. per lin. ft. The 
sections were bracket-shaped with 3-in. 
channels which were overlapped to the ex- 
tent of 1'/; in. and welded. In the process 
of construction, frames were set alongside 
keel blocks. The steel sections were then 
set between the frames, one section facing 
out, the next facing in, until they ranged 
seven deep, when they were locked into 
position and welded. The completed hull 
section, weighing more than four tons, was 
then placed and welded to a similar ad- 
joining unit. 

The boat will be used for the transporta- 
tion of hollow tile from the owner’s plants 
to Atlantic coast ports. To reduce han- 
dling costs, the ship carries its own two- 
ton electric crane. The crane is installed 
on a table which may be moved for and aft 
to lift cargo from either of the two hatches. 
Tracks on the table allow movement 
athwartships. A total crew of seven men 
will handle the entire operation of the boat. 

The pilot house is sunken and the crane 
is collapsible to allow navigation on water- 
ways having low, fixed bridges. 


Welding Books 


For the benefit of its members the 
AMERICAN WELDING Society has made 
arrangements with publishers of recent 
books on- welding to distribute the books 
from the office of the Society. Some of 
these books are: “Designing for Arc 
Welding,” edited by A. F. Davis, price 
$2.50; “Arc Welding Steel Frame Struc- 
tures,” by G. D. Fish, price $5.00; “The 
Welding Encyclopedia,” published y 
The Welding Engineer, price $3.50 each. © 
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BOSTON 


The final meeting until next fall of the 
Boston Section will be held on April 21st 
in Room 715 Tremont Temple, Boston. 
At this meeting, which is scheduled for 
7:30 P.M., Mr. J. A. Porter of the Boston 
Navy Yard, will speak on “Building an 
All-Welded Diesel Electric Tug.’”’ During 
the past two years the U. S. Navy has 
constructed several all-welded vessels, each 
over 100 feet long. Two of these were 
constructed at the Boston Navy Yard. 


00 Mr. Porter’s talk will be amply illustrated 
ft. with lantern slides. 
on 


CHICAGO 


re- The March meeting of the Chicago 
eS, Section was held on the 24th. Mr. H. G. 
m Wallace of the American Brass Company 
m- presented a paper on ‘‘Gas and Arc Weld- 


ns ing of Copper and Copper Alloys.”” Mr. 
ed Wallace’s paper dealt with brass, bronze, 
nd Everdur and other alloys. Following the 
in- presentation of this paper a motion 
re- picture entitled, ‘‘The New Story of the 
ed Ancient Wrought Iron,” by the A. M. 
Byers Company, was shown by Mr. E. D. 
Barrett of thiscompany. The film showed 
ep the manufacturing of pipe, sheet and plates 
| from wrought-iron and the welding of 
in. wrought iron, lap and butt welded pipe. 
SS DETROIT 
| The Detroit Sections of the AMERICAN 
ng We.pinc Society, American Society of 


Civil Engineers, American Society of 


to Mechanical Engineers, Michigan So- 
ull ciety of Architects and Detroit Engi- 
as neering Society, met jointly on Friday, 
d- March 24th, at the D. S. Building to hear 
Col. A. S. Douglass, Construction Engi- 
ta- neer, Edison Company, speak on the 
its subject, “The Use of Welding by the 
n- Detroit Edison Company.” The paper, 
10° illustrated with slides, dealt with practical 
led applications of welding in the construction 
aft of power plants and sub-stations, and in 
es, installation of piping, etc. 
en PHILADELPHIA 
at. 
ne The regular monthly meeting of the 
the Philadelphia Section was held on March 


20th, Mr. Harry K. Ellis, County 
Engineer, Chester County, presented a 
Paper on “‘Experiences of a County Engi- 
’ neer in Repairing and Strengthening 
Highway Bridges.” Mr. Joseph G. 
, Shryock, Chief Engineer, Belmont Iron 
de Works, spoke on “Modernizing Existing 

Metallic Bridges by Redecking and Arc 
Welding.” Both papers were well worth 
while and resulted in a very interesting 
meeting. 

The April meeting was held on the 17th. 
Lieutenant-Commander A. I. McKee, 
U.S. N., addressed the meeting on ‘The 
Influence of Welding on Ship Construc- 


tion,” 
Following is a review of the meetings 


of the Philadelphia Section held during 
the past year. 

April 18, 1932. Mr. F. Eder of the 
New York Office of Robert W. Hunt Co., 
“Inspection of Welded Steel Framing in 
Buildings.” Present—95. 


May 16,1932. Mr. E. V. David of the 
Applied Engineering Department, Air 
Reduction Company, “Theory and Prac- 
tice of Oxy-Acetylene Cutting.” Revised 
film—‘“‘Oxygen, the Wonder Worker.” 
Present—70. 


September 19, 1932. Mr. J. P. Mor- 
rissey of Crucible Steel Co., ‘The Welding 
of Stainless Steels.” Present—130. 


October 17, 1932. Mr. Wm. D. Halsey, 
Assistant Chief Engineer, Boiler Division, 
The Hartford Steam Boiler Inspection & 
Insurance Co., “‘What Is a Good Weld?” 
Mr. E. A. Burt, Chief Engineer, Heine 
Boiler Co., Inc., Mr. T. M. Jackson, 
Electrical Engineer, Sun Shipbuilding & 
Dry Dock Company, “‘How to Weld to 
Meet the Boiler Code.”” Present—145. 


November 21,1932. “Railroad Welding.”’ 
Mr. J. Hartley, Engineer, Maintenance of 
Way, Pennsylvania Railroad Company, 
“Welding of Battered Rail Ends.” Mr. 
George L. Young, Welding Supervisor, 
Reading Company, “Maintenance of 
Equipment by the Oxy-Acetylene Proc- 
ess.”” Present—85. 


January 16, 1933. Mr. John J. Crowe 
of the Air Reduction Sales Co., ‘Testing 
of Welds.”” Present—95. 


February 20, 1933. Mr. R. F. Helm- 
kamp, Applied Engineering Department, 
Air Reduction Sales Co., ‘‘Mechanical 
Cutting and Machining.”” Mr. F. C. 
Clark, Technical Publicity Department, 
Linde Air Products Co., “Bronze Welding 


by the Oxy-Acetylene Process.”’ 
—60. 

March 20, 1933. Mr. Harry K. Ellis, 
County Engineer, Chester County, “Ex- 
periences of a County Engineer in Re- 
pairing and Strengthening Highway 
Bridges.’’ Mr. Joseph G. Shryock, Chief 
Engineer, Belmont Iron Works, ‘‘Modern- 
izing Existing Metallic Bridges by Re- 
decking and Arc Welding.”” Present—465. 


PORTLAND 


The Portland Section met on February 
27th. Mr. F. L. Huggins, substituting 
for Mr. W. P. Kellogg, of the Air Re- 
duction Sales Company, read a very 
interesting paper by an Airco Engineer 
entitled, “‘Hard Facing with Iron Base 
Welded-On Overlays.”” The paper dealt 
principally with stoodite and borium, 
and related mediums, in their application 
The talk was illustrated by slides, which 
very clearly demonstrated the various 
uses to which hard surfacing could be 
applied. Discussion followed. 


Present 


SAN FRANCISCO 


A Conference on Welding was held 
under the joint auspices of the University 
of California and the San Francisco Sec- 
tion of the A. W. S. at Berkeley, Cal., 
on March 10th. The program included 
papers on Flame Cutting and Its Indus- 
trial Use; Gas Welding of Steel; Pres- 
sure Vessel Welding; Developments of 
Copper and Copper Alloys; Strenghten- 
ing Wrought Iron and Steel Bridges by 
Welding; Metal Spraying; Semi- and 
Automatic-Flame Cutting of Steel; Braz- 
ing of Copper and Copper Fittings and 
Fatigue Tests of Welded Joints. 

At the March meeting Lieut.-Com. 
H. N. Wallen, C.C., U. S. N., of Mare 
Island Navy Yard, spoke about the work 
that is being done at this Navy Yard. 
Mr. Hugh Brown of Brown Bros. Welding 
Works, San Francisco, spoke on some of 
the marine repair work that his firm is 
doing. 





EMPLOYMENT SERVICE BULLETIN 


POSITION VACANT 
V-52. Desire to locate a representative in New York and Philadelphia territory to 


market a D.C. Arc Welder. 


SERVICES AVAILABLE 


A-191. 
Department of Cornell University, 1910. 


Welding engineer desires position. 


Graduated from Mechanical Engineering 


For next two years was connected with the 
American Locomotive Company as apprentice and Assistant Engineer. 


Taught Me- 


chanical Engineering at Columbia University, 1912-1914. Was appraisal engineer for the 
Columbus Railway Power and Light Company, 1916-1918. Manager of the Columbus 
Welding Company, 1918-1924. Member of Engineering Research Department on develop- 
ment of mechanical welding and cutting equipment and preparation of technical litera- 
ture with Air Reduction Company, 1924-1932. 


A-192. Welding engineer desires position. Formerly Mechanical Engineer in Improve- 
ment Department of American Car & Foundry Co. Forge welded high pressure car tanks, 


storage tanks, also familiar with acetylene and electric processes. 


Carbondale plant. 
practice. 


Works Manager at 


Mechanical engineering and welding experience—theory and shop 


A-193. Experienced pipe welder desires position. 


A-194. Welding metallurgist desires position. 
has specialized in metallurgy of gas, arc and resistance welds. 


Have received Doctor’s Degree and 
Have had considerable 


experience in the study of mechanical properties of sheet steel, particularly from point 
s 


of view of assembly by spot welding. 
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Assembly Involving 
Many Welds Now Pro- 
duced in Single Opera- 

tion by Hydrogen- 
Electric Welding 


Process 


| é aa 
™ ee Tl al 4 y “ 
By T. M. RUDE iG I 


+Mr. Rude is Asst. General Manager of Bundy Tubing 
Company. 


OPPER Hydrogen-Electric Welding—that is the 
full name of the new automatic continuous 
welding process which welds without flame or 

arc and without any apparent application of metal. 





This hydrogen-electric welding furnace in the plant of the Bundy 
Tubing Company discharges a car of welded parts every four minutes and 
is capable of 24 hours a day operation. 


That is, it is new to industry in general—actually it 
has been in private use for some time in two or three of 
the country’s largest manufacturing plants. The recent 
installation of the huge “Zeppelin’’ type electric-hy- 
drogen welding furnace in the plant of the Bundy 
Tubing Company at Detroit has occasioned wide- 
spread interest in the process because it makes this new 
kind of welding available to companies whose require- 
ments would not warrant the very large investment 
represented in such a furnace. 

Hydrogen-electric welding is in no way comparable 
to gas-torch or electric arc welding. It is an entirely 
new process and produces a weld with entirely new and 
different characteristics. Its application is said to be 
practically unlimited inasmuch as it may be used in 
the assembly of practically any product made of either 
iron or steel. The parts to be welded are assembled 
by a snug fit, either by inserting one part into the other 
or by spot welding or pinning the parts together. Cop- 
per, either in the form of copper wire or copper paste, 
is applied at the joint and the assemblies are loaded on- 
to cars which are automatically elevated into the hydro- 
gen-filled heating zone of the furnace. The hydrogen 
atmosphere completely reduces all oxides, scale and 
other foreign matter on the surface of the parts and 
provides chemically clean surfaces for the welds. 

In the heating zone the parts are gradually brought 
up to a maximum temperature of 2100° F. This melts 
the copper which is drawn by capillary attraction both 
upward and downward into the seam. To most readers 
it would probably seem that the pieces of iron or steel 
would simply be soldered or ‘‘pasted”’ together by the 
. er molten copper. This, however, is exactly what does 

The photomicrograph at the top shows a section through two pieces 0/ happen. Actually, the iron and copper alloy to- 
pba nd nn oy for welding but not welded. Neto the sharply Gsfimed §=sether, Some of the copper goes into PP iid solution 
eto Gant te ee ere Se ees oe ee a, in the steel, and some of the iron is dissolved by the 
grain structure. The sharp line of the seam has entirely disappeared. copper to produce an integral copper-iron alloy bond 
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What does this weiding process at 2100° F. do to the 
metal? The obvious effect, of course, is a dead-anneal, 
which in most cases is highly desirable as it relieves the 
parts from any strains which might have been set up by 
such previous processing as drawing, shearing, machin 
ing, etc. However, the condition may be corrected 
when desired by any of the usual heat-treating methods, 
without in any way affecting the weld. As a matter 
of fact this is one of the best proofs that the bond is 
considerably more iron than copper; its melting point 
is practically that of steel and the part may even be 
run through the welding furnace the second time with 
no effect upon the weld. 

One of the salient points in connection with the prox 
ess and one which is demanding the attention of the 
largest and most progressive leaders in industry today, 
is that hydrogen-electric welding is decidedly welding 








Yield Point Tensile Strength on a quantity production basis. The furnace is capable 

Diameter, Load in Lb./ Load in Lb./ of handling as many as a thousand pieces at one time 
In. Lb. Sq. In. Lb. Sq. In. (size is the only limit), and it is entirely possible that 
“A” Welded at 45 Deg. every one of these pieces might involve a dozen or 

0.505 8475 42,375 12,450 62,250 more welds. At normal operating speed the furnace 
yo aan +238 3 700 $8500 discharges a car of welded parts every four minutes and 


it is capable of 24 hours a day operation. So it looks 


“B" Cylinder Weld as if welding were now taking its place in industry 


yo poh oan ao poh alongside other automatic, quantity-production proc 
0.505 8450 42,250 13,425 67,125 esses. 


ai One of the most important advantages claimed for 
hydrogen welding is economy. By this is meant, not 
only economy of the process itself because of its auto- 
matic, continuous nature, but also savings in material 








between the parts (approximately 97% iron, 3% copper). 
Under normal conditions no free copper remains between 





om the parts. , , , . and labor in producing the integral parts to be welded 
ig As this process is accomplished with no external appli- Simple aecsien in rn, Ha to ~ a the product to the 
cation of metal, the weld is hardly perceptible, so that hydrogen-welding process often provide, not only better 
it a very natural question which arises upon examining , 
of a hydrogen-welded part is, ‘Just how strong are these 
ont welds?” They are actually stronger than the steel itself. 
AV- This fact has been proved in a number of tensile, com- 
dy pression, shearing and bursting tests. For instance, a 
Je- steel tank assembled from a length of tubing, two 
ew stamped end plates and a screw-machine threaded 
re- fitting, with all joints hydrogen welded, burst at 2200- 
ont lb. hydraulic pressure. But there was no failure of the 
hydrogen-welded seams at any point. 
ble The photograph and table above show the result of 
ely a series of tensile tests using composite bars of °/s-in. 
nd stock, with a 45-deg. diagonal weld, the other series 
be using a cylinder weld, that is, with one bar inserted into 
in a grilled-out section of a larger bar. Although the bars 
her were in every case destroyed, in no instance did the 
led rupture occur at the hydrogen-welded joints. 
her In the original design of an automobile spring shackle 
op- threaded bars were inserted in holes drilled in a piece 
te, of flat steel, and the ends either peened or arc welded. 
on- Experience proved, however, that with excessive torque 
ro applied to the bar, as might very easily happen in 
en trying to remove a “‘frozen’’ nut, the bar had a tendency 
ind to turn in the steel strip. In revising this design for 
nd hydrogen welding, the fabrication and assembly are 
identicsl with the above. However, in a long series 
sht of exhaustive tests, it has been proved that the bar will 
‘Its be twisted in two before rupturing the hydrogen-welded 
oth joints. These are only a few of the many tests which 
oss the process has successfully undergone. 
eel As the hydrogen-welded parts are not only heated 
the but also cooled to practically room temperature in a 
nes reducing atmosphere, they emerge from the furnace 
to- abs dlutely clean and free from scale or oxide. This is The float at the upper left was welded by the oxyacetylene method. 
ion a particular advantage in the case of closed objects Note the characteristic —_ of superfluous metal built up over the seam. 
the such as tanks, headers, floats, etc., which could not The float at the right was assembled by hydrogen-electric welding. 


ae P ° There has been no apparent application.of metal. oth inside and out- 
easily be cleaned after the welding operation. side are absolutely clean and free from ob. 
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The sectional view of the float chamber (above) illustrates how a large 
number of parts may be welded together at one time. Two fittings and 
the bottom plate are welded into the drawn shell, and a tube and strainer 
screen are welded into one of the fittings in a single operation. 

he lower section shows a similar part assembled from tubing and 
screw machine fittings. Such assemblies have the advantage of being 
absolutely gas-tight. 


appearance, cleanliness, lighter weight and greater 
strength, but lower cost. 

The white line drawing shows two typical examples of 
changes in design which have improved the product and 
lowered the cost. One of the examples shows a fan pul- 
ley originally machined from an intricate casting with an 
obvious waste of material and labor. The section at 





These two pulleys illustrate how a simple change in design to adapt 
a product to hydrogen-welding may improve appearance and stgength, 
reduce weight and make worth while savings. 

The one at the left was machined from an intricate casting with an 
obvious waste of material and labor. 

The pulley at the right was hydrogen welded from two simple stamp- 
ings and a screw-maci.ine bushing. 


the right illustrates how the product was redesigned to 
adapt it to the hydrogen-welding process. The parts 
were two simple steel stampings and an automatic 
screw-machine bushing. The bushing was inserted 
into the stamping and the inside end peened over to 
satisfactory contact of all the parts for the welding 
operation. Obviously, the hydrogen-welding assembly 
was not only cheaper to make but was lighter and 
stronger than the original design. 

In the case of the receiver tank shown in the lower 
drawing, the original was a hollow casting which had to 
be drilled and threaded, involving the nuisance of a 
troublesome and uncertain cleaning operation. The 
hydrogen-welded tank, on the other hand, was as- 
sembled from tubing, stamping and a screw-machine 





Hydrogen welding finds one of its most important uses in the manu- 
facture of such e objects as tanks, floats, headers, etc. The most 
simple and inexpensive of integral parts may be welded into intricate 
assemblies in one passage through the furnace. 


fitting—all welded in a single trip through the hydrogen- 
welding furnace. It came from the furnace absolutely 
free and clean from scale both inside and outside and[it 
cost less. 

Small crankshafts, camshafts, spring shackles, levers, 
etc., which would ordinarily be machined from expensiv¢ 
parts, may be produced simply by welding together 
inexpensive stampings, bar stock, drawn shapes, etc. 
No assembly seems too intricate for this process, if the 
parts can be fitted together with good contact and there 
is a chance to apply copper in some form at or near tie 
joints. 
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Welding of 


Pressure Vessels 
By JULES MULLER 


+Pa presented before February 17th Meeting, Ch 
Soutien. A. W. S., by Jules Muller, Chief Engineer of the 
Hollup Corporation. 


ELDING has, for many years, been used as a 

means of fabricating metallic structures. Build- 

ings, tanks, cracking stills or even household 
equipment are examples of the structures which have 
been so fabricated. 


The principle involved in successful welding consists 
essentially of bringing the parts which are to be joined 
to a fusion temperature and forming a perfect bond be- 
tween them. This principle is basically the same no 
matter what the thickness of the material welded or 
whether a single or multiple layer weld is made. 

The several ways of joining metal parts by welding are 
best illustrated in the chart prepared by an eminent 
welding engineer whom you all know, namely, F. T. 
Llewellyn. This chart shows that arc welding is but one 
of the many ways whereby two metal parts can be 
joined. 

The welding operation which will be discussed here- 
after will be limited to arc welding with a metallic arc. 
When welding with a metallic electrode, the metal 
passes from the electrode through the arc and is deposited 
in the groove, thus forming the weld. The metal, upon 
passing through the arc, is exposed to the surrounding 
atmosphere. This atmosphere, if it is normal, will con- 
tain many injurious gases which will quickly contaminate 
the vaporized or molten metal. Therefore, a weld of 
inferior quality will be produced. This fact has been 
recognized by the welding industry, and today we find 
that electrodes which simultaneously produce a protect- 
ing atmosphere while passing through the arc are being 
demanded. A weld produced with such an electrode will 
be sound, strong and ductile. 

The operation of depositing metal by are welding 
should be analogous to the electric furnace process in 
which steel is made in large quantities under controlled 
slag and atmosphere. The same protection given to the 
molten metal in the electric furnace process is required 
in the are process to produce good metal. We, therefore, 
must concentrate the necessary protecting ingredients 
into the coating. This coating should produce a protect- 
ing atmosphere about the arc and should cause a slag to 
form which will protect the molten metal from oxidation 
after passing through the arc. The protection of the 
molten puddle, after passing through the arc, is some- 
times overemphasized, but it is essential that at least the 
center of the puddle and weld be protected with a slag. 

The electrodes available for this work are many and 
the potential user of such electrodes should select his 
material according to its performance and economy of 
operation. 

Inasmuch as we are to discuss welding of pressure 
vessels, we will assume that the proper electrodes are 
used in welding such vessels and that the welds are of 
high quality, strength and ductility. 





Typical Weld Section Showi ee in Top and Bottom 
yer. X 


Heavy Riveted Vessels 


The riveting industry has successfully constructed 
riveted vessels of light gage material. This type of 
construction was used for the low pressure, low tempera 
ture service. The demand for heavier vessels in the 
chemical and petroleum industry, when the cracking 
process became known, was naturally a demand for 
riveted vessels. Manufacturers of riveted vessels did not 
appreciate the limitation of a riveted joint and attempted 
to build riveted vessels of heavy thickness in accordance 
with the demand. Difficulties were soon encountered 
with thick riveted vessels, subject to certain operating 
conditions. 

With the petroleum industry specifically in mind, let 
us consider the service required of a Dubbs reaction 
chamber. The reaction chamber in question is gener- 
ally 10 ft. in diameter and either 30 or 40 ft. in height. 
The plate thickness is generally 2 to 2'/2 in. The con- 
struction of such chambers requires that every joint be 
fitted up tight. After fitting up and riveting these 
joints, it is also required that a seal weld be placed around 
each joint. The vessel is given a hydrostatic test before 
welding to take up the slip. This practice, however, 
does not eliminate permanently all the slip which may 
occur in a joint, and further slip occurs when the vessel 
is subjected to service tests. This slip has been the 
cause of many repairs and sometimes structural failures 
in the operation of such riveted chambers. 

The seal weld, when slip or deformation occurs, must 
carry a major portion of the load and, as the seal weld is 
generally made by bare-wire welding, its ductility is low. 
Should the slip exceed the amount of deformation re- 
quired to fracture the weld, the weld will fail. This may 
occur on the inside or on the outside of the vessel and 
generally in both places. As soon as the vessel is oper- 
ated with a cracked weld, leakage will be observed until 
sufficient coke has formed to seal the leak. The carbon 
material or coke, found in the vessel inherent to the 
operating conditions, will seep in the joint and, when 
the vessel is cooled, will cause the plates to separate at 
the joint. 

In repairing such a joint, it is difficult to obtain a 
good weld unless all coke or carbon is burned out. If the 
coke or carbon is present when welding is attempted, 
the heat of the arc will vaporize some of the coke which 
will diffuse into the molten metal and cause this new 
fillet or seal weld to crack. It is sometimes required to 
place two or more fillet welds, chipping and removing 
each, before the final weld can be applied. Some failures 
occurring in riveted vessels are also due to the type of 
stresses developed in a vessel.. 
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Although riveted vessels had and still have a field of 
application, that field does not properly extend to 
heavy plate vessels for use at high pressures and high 
temperatures. The hammer-welded vessels were seri- 
ously considered as a substitute for riveted vessels, but 
here again costly failures prevented their acceptance. 
The industry very bravely but cautiously then turned 
to welding for the solution of their difficulties. 

The introduction of heavy welded vessels as refinery 
equipment was most fortunate for the welding industry. 
It is granted that the demand for heavy pressure vessels 
created an opportunity for someone with sufficient cour- 
age to initiate a new method of fabricating such vessels. 
A new industry was created but the organization selected 
to carry on knew welding and nothing else. However, 
to these pioneer users and manufacturers of heavy welded 
vessels we owe our present success. The welding tech- 
nique developed in preparing the materials and the 
various assemblies instituted by that new organization 
have now been codified. 


Organization Responsible for Welding 


The difficulty which confronts the welding industry is 
the lack of appreciation of good welding by many of the 
organizations responsible for the production of welded 
vessels. Some organizations, though not numerous, 
are not yet in thorough sympathy with welding for very 
obvious reasons. When the demand for riveted vessels 
was greatly lessened and the demand for welded vessels 
increased, plants fully equipped for riveting light and 
heavy plate simply introduced welding as a side line 


Junction of Parent Metal and Weld. 200 








Weld Material. 200 





Normal Structure of Carburized Weld Metal. 175 


to satisfy their customers’ demands, and the organiza- 
tions remained the same. The average organization, 
trained in the riveting field with the management in 
sympathy with riveting and doing welding only as a 
case of necessity, is hardly capable of producing the 
best type of welds. Poor work and lack of appreciation 
for thorough preparation of plates prior to welding re- 
sulted in near failures and was somewhat the reason 
for engineers responsible for the maintenance and 
operation of pressure vessels being skeptical of welding. 

Any riveting plant, which has found it necessary to 
change its method of manufacture from riveting to 
welding, should appreciate the inertia of habit and, for 
the good of the cause, should organize a shop and en- 
gineering force to take care of welding and welding 
alone. 

The present field for welded construction, as we all 
realize, is only a small percentage of the potential field. 
The welded vessels are displacing riveted vessels as 
quickly as the engineers and purchasing agents can ap- 
preciate the safety and reliability of welded construction. 
The introduction of small welded vessels did not meet 
the skepticism which was experienced in introducing 
vessels of medium and heavy thickness. 

Thorough preparation for proper welding is essential. 
In order to economically fabricate a welded vessel, it is 
necessary to weld what is called “‘down hand” as much as 
possible. The Manway necks, flanges and reinforcing 
pads should be welded in so far as possible in the down 
hand position and an effort should be made to make it 
possible to do this welding down hand. In many shops 
it is considered more or less a waste of time to rotate a 
vessel in order to facilitate down hand welding, and the 
welders are confident that they can deposit metal into 
properly scarfed grooves in any position. It is true that 
such welds can be made but, in order not to jeopardize 
the quality of such welds, the practice should not be 
encouraged. The ease of welding down hand fully com- 
pensates for the effort required to place the vessel in a 
position to permit this type of welding. 

Unit assembly is found to be of advantage—that is, 
the head is completely assembled with all openings, pipes, 
etc., welded in place before it is attached to the shell. 
The shells are welded after being rolled, then low tem- 
perature annealed and rerolled for trueness in order that 
the head and the shell may match perfectly, thereby 
eliminating unnecessary fitting up and resulting stresses. 

The manways should be welded into the shells after the 
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shells are assembled. The entire vessel, upon completion 
of welding, is then low temperature annealed at 1150 
to 1200 deg. Fahr., holding the vessel at that tempera- 
ture range for a time equivalent to one hour per inch 
thickness. The vessel should be allowed to cool slowly 
in a cooling chamber or allowed to cool in a furnace. 
The physical non-destructive tests required of the vessel 
are prescribed by the code and their description is very 
thorough, leaving no alibi for anyone failing to comply 
with it. 

The A. S. M. E. type groove for heavy pressure weld- 
ing is indeed a correct one. The main difficulty in 
welding that type of groove is to get full penetration and 
complete fusion between the inside weld and the outside 
weld. Any reliable welding concern will not hesitate to 
spend considerable time in chipping or burning from the 
inside until good sound weld metal is exposed. 

The welding operation, if done automatically, elimi- 
nates the human element. However, there are many 
welds in the fabricated structure of this type which can- 
not be machine made. Such welds should never be 
made except by qualified welders. The qualification of 
welders, of course, is of paramount importance to the 
user of welded vessels and to the manufacturer as well. 
The manufacturer of welded vessels should assume the 
responsibility for the vessel until it has outlived its 
useful life in so far as defects are concerned. 

Many vessels, after being properly constructed in the 
plant, are somewhat altered in the field. Alterations 
made in the field may include welding in a plug or intro- 
ducing a new opening. Field welds made by any 
welders without the proper supervision may result in 
disaster. The effect of welding in a solid plug into a 
vessel is not fully realized by many and, in view of the 
shrinkage strains set up in the weld with the boundary 
conditions present about the weld, welding solid plugs 
should not be permitted. 


20 DIVISIONS PER I~cH 





Typical Annealing Furnace Used in Strain Relieving Vessele—American 
Tank & Equipment Corporation 


Tests Required 


The tests required of a fabricating plant are numerous. 
Some are of great value, others could be readily omitted. 
The normal physical tests, such as tensile, bend and nick 
bend tests, are very essential. However, these tests 
are made on test coupons generally attached to shells or 
rather shapes being welded. The welding operations 
at the points where these coupons are located do not 
necessarily produce welds representative of those in the 
structure. It is obvious that the electrical phenomena 
found at the end zone are different from those found in 
the structure proper. The tension test will show quickly 
the ultimate strength and ductility of the weld. The 
appearance of the fracture may be used in conjunction 
with the physical properties obtained to give valuable 
information. 

The specific gravity test indicates the density of the 
weld metal. This test tends to indicate whether the 
weld is sound or porous. The carburizing test indicates 
whether the weld is of normal or abnormal material. 
If the weld shows normality on carburizing, it is very 
safe to predict that the material does not contain oxygen. 

The bend test shows further the ductility of the weld; 
however, if the bend test is not suitably prepared, er- 
roneous conclusions may be drawn. The chemical 
tests only indicate the carbon, manganese, sulphur and 
phosphorus content in the weld. 

The X-ray test, which is very essential in the qualifica- 
tion of the welder, is, to the writer’s mind, a burden to the 
welding industry when X-rays of all the welds in the en- 
tire vessel are required. X-rays may show up defects 
which are of very little consequence and omit defects 
which are very dangerous in the welds. Moreover, an 
X-ray examination of a welded structure is simply a 
post-mortem examination. A properly trained welder 
can produce a weld which does not need to be X-rayed 
in order to insure quality. 

The common sense method of applying an X-ray test 
would be for the inspector to select certain sections of 
welds to be X-rayed in a manner similar to that used in 
sampling any purchased material. 


Low Temperature Stress Relieving 


It is sometimes stated by manufacturers of welded 
vessels that strain relieving with a low temperature 
annealing cycle cannot be effective and that, unless the 
material is heated above 1550 deg. Fahr., no benefit will 
be derived from heat treatment. 
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We are all well aware of the fact that, in order to change 
the grain structure of material by heat treatment, we 
must heat the material above the critical range as a part 
of the heat-treating cycle. The constitution diagram, 
Fig. 1, is of great advantage in determining the tempera- 
ture to which steel of known chemical analysis must 
be heated in order to effect grain refinement. 

For very obvious reasons, it is not the intention of the 
A. S. M. E. code to require that a welded vessel be sub- 
jected to heat treatment of this nature. The heat 
treatment given to effect strain relief is limited to a 
maximum temperature of 1200 deg. Fahr. This maxi- 
mum temperature was not arrived at haphazardly, but 
was based on experimental results. In order to appreci- 
ate the reason for annealing a welded vessel at low tem- 
perature, let us consider the effect of temperature upon 
steel. Figure 2 shows the deformation produced per 
unit length per hour in a 20-30 carbon steel when sub- 
jected to the same stress (4000 psi) at various tempera- 
tures above 700 deg. Fahr., based on Bailey, Dickinson, 
et al., equation.* We also note that a relatively small 
stress may produce a large deformation at the higher 
temperatures. 

Inasmuch as the deformation observed increases as the 
temperatures are increased, we are reasonably correct 
in stating that the thermal effect upon the steel is to 
increase its plasticity. Whether we call it plasticity or 
mobility within the material does not alter our conclu- 
sions. The principal fact is that certain loads will cause 
a corresponding amount of creep of the material at ele- 
vated temperatures. However, at temperatures of 1150 
to 1200 deg. Fahr. and for the annealing time required 
by the code, the material has still sufficient strength to 
carry its own weight without showing any sagging. 

In order to clarify what is to follow, let us study 
Diagram 3. This diagram is a stress-strain diagram of 
20-30 carbon steel tested at room temperature. We 
find that on application of load the stress is propor- 
tional to the strain (Hooks Law) up to a certain point. 
The curve then shows deformation increasing more 
rapidly than the stress until very suddenly it yields with- 
out any increment of load. This yielding seems best 
explained by slip which has occurred along the crystal 
facets, or we might say further, for sake of analogy, that up 
to this particular load the static coefficient of friction 
along the crystal facets prevailed and was replaced 
suddenly by the kinetic coefficient, which we all know is 
less than that static coefficient. 


* The trend of progress in Great Britain on the engineering use of metals 
at elevated temperatures. Symposium of effect of temperatures on properties 
of metals. (A.S.T M. 1931—page 136). 





Welded Pressure Chamber 


Assortment of Welded Products—American Tank & Equipment 


ation 


During the deformation, the grain structure has 
been somewhat altered. Some grains have been elon- 
gated and others have become broken into smaller grains. 
Nevertheless, the structural property of the material is 
still sound, with the exception that the material is no 
longer susceptible to yielding such as occurred at the 
yield point. The material is what is commonly known as 
“work hardened.”’ Although it retains good load carry- 
ing properties, it cannot be said that the use of such 
material should be encouraged. 

Let us assume that some portions of the vessel—those 
which are locally stressed due to welding—are stressed to 
80% of the yield point of the material. This stress will 
be permanent in the structures unless relieved. As a cer- 
tain temperature is applied, however, a new condition 
prevails. If we refer to our Diagram 2, we find that a 
load producing a fractional stress of 80% of the yield 
point of the material at room temperature will, at 1100 
to 1200 deg. Fahr., cause considerable creep in the 
material. Therefore, in order to relieve the local stresses 
in a welded chamber, we low temperature anneal the 
vessel to promote this creep without structural injury 
to the material. Moreover, by relieving such localized 
stresses through the medium of thermal energy, we 
benefit the vessel. 

It has been proposed in the past that, instead of bring- 


.ing the vessel to a temperature of 1100 to 1200 deg. 


Fahr., it be given a hydrostatic test sufficiently severe 
to cause the strained material to reach its yield point 
and thereby, through physical plastic deformation, re- 
lieve the strain. This, however, is not correct, inas- 
much as to promote deformation due to physical strain 
overstresses the material in one place and redistributes 
the stress in different portions of the vessel. 

Granting that the new area of localized stresses may be 
larger than the former and that the magnitude of the 
stress may be less than in the first case, the fact re- 
mains that the vessel is not strain free and, therefore, it 
behooves us to use a method which will leave the vessel 
in a strain-free condition. Therefore, it is felt that the 
recommendations of the A. S. M. E. code are fully 
warranted and that these recommendations intend to 
protect the user as well as the manufacturer of the 
vessel. 
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Welded Steel Frame for 


the University of Cali- 
fornia Medical School 
Building in San 


Francisco 


By EDWARD M. KNAPIK 


<swoe penseneed at November 22nd Meeting, San Fran- 

cisco Section, A. W. S. by Edward M. Knapik, Structural 
Engineer, associated with Walter L. Huber, San Fran- 
cisco, California. 


HE first field-welded steel frame to be erected 
in the City of San Francisco is the eight-story 
Medical School Building of the University of 

California. It is of fire-proof construction and adjoins 
the University Hospital which is located at Second and 
Parnassus Avenues. The frontage is 293 ft. 6 in. and 
the width varies from 46 to 99 ft. There are approxi- 
mately 800 tons of structural steel in the building and 
all floors, intermediate beams and exterior walls are of 
reinforced concrete. 

The proximity of the adjacent occupied hospital made 
the elimination of construction noise a governing factor 
of the design. In addition to field welding, transit mix 
concrete was specified and the contractor was required to 
establish his plant as far from the existing building as 
possible. Loaded trucks were required to approach the 
job in a down-hill direction, thus further eliminating 
unnecessary noises. 

The building ordinance of the City of San Francisco 
does not cover welded construction and, to date, except 
for light mill building construction, the rulings of the 
Building Department have not permitted the dead and 
live floor and roof loads to be supported by welded con- 
nections. While buildings of the University of Cali- 
fornia, owned by the state, although within the city, 
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Fig. a Steel Frame for the University of California Medical 
Building Which Adjoins the University Hospital 


are not subjected to inspection by the Building Depart- 
ment, care is nevertheless exercised by the University 
authorities to insure that no construction is in viola- 
tion of city ordinances. Approval was obtained of a 
design wherein all direct loads would be transmitted 
through shop riveting, and field welding would be used to 
secure members to these shop riveted connections and 
for securing necessary lateral bracing. 

The design provides for the resistance of seismic forces 
and a permanent lateral force due to earth pressure re- 
sulting from the topography of the site. The ground sur- 
face slopes up from the street and the grade at the rear 
of the building is approximately 25 ft. above the first 
framed floor. These forces are resisted by the com- 
ponent members of the frame through their connections 
and no special portal bracing was provided. 
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Details of Typical Connections showing use of shop rivets, field bolts and 
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Fig. 3—Typical Column Splice and Beam-to-Column Connections 


The design differs from an all-welded frame in that 
direct loads are transmitted from beams to columns by 
seat connections shop riveted to the columns and directly 
supporting the beams. These beams are welded to the 
columns and are attached to the seat angles by both 
machined bolts and welding. The top angles of the 
typical connections are secured to the columns both by 
welding and by special machined bolts capable of de- 
veloping tensile stresses and, in turn, are similarly 
fastened to the beam flange. 

The original design contemplated the connection of 
beam webs to columns by welding plates on either side of 
the webs and these in turn were to be welded to the 
column shaft. At the suggestion of the contractor for 
the fabrication and erection of the frame, these plates 
were omitted, the beams were milled to give a clear- 
ance not exceeding '/s in. and the beam webs were 
welded directly to the columns. This procedure elimi- 
nated two lines of welding and thereby speeded up the 
field erection. Where clearances exceeded the '/; in. 
allowable the plates originally proposed were required. 





All column splices were designed to meet the conditions 
In addition to splice plates, such filler 
plates as were necessary to insure a snug fit on the lower 
columns were shop riveted to the upper sections of 
The splice plates were field welded and bolted 
to the lower column section, the weld being designed to 
Web splice 
plates were welded on both sides of the column webs. 
Where bearing plates were necessary between sec- 


(Fig. 


All columns are connected by steel girders or beams 
spanning 16 to 18 ft. and panels between columns were 
subdivided by reinforced concrete beams giving concrete 
Where intermediate steel 
beams were necessary as around stair wells and elevator 
shafts, they were secured by means of two standard 
connection angles shop riveted to the beams, with their 
outstanding legs field welded to the supporting beam. 
This introduced a desired flexibility in the connection 
and eliminated an undesirable condition of rigidity that 
would have resulted if the webs of the beams had been 
Bolts were used to 


for field welding. 


columns. 


develop the full tensile strength of the plate. 


tions, they were welded directly to the columns. 


floor slabs of moderate span. 


welded directly to the girders. 
hold the beams in place for welding. 


At the first, second and third floors, angle knee-braces 
were provided between all spandrel beams and wall 
These were secured by field welding directly 
The connection of spandrel 
beams and braces to the channel side of columns necessi- 
tated the introduction of shop-riveted angles as shown in 
Fig. 4. Beams which were parallel to the column flanges 


columns. 
to the beams and columns. 


were welded directly. 


All welds were */;-in. fillet welds and 150,000 lin. 
in. of welding were required, of which 5000 lin. in. were 
Welders were required to pass qualifica- 
tion tests before starting the work. Their experience 
ranged from six to seventeen years and all of the men 
had been previously employed at the U. S. Navy airship 
All connections were de- 


shop welds. 


dock at Sunnyvale, California. 


signed to eliminate overhead welding and butt tension 
welds were omitted so far as possible. 


Fig. 4—Details of Lateral Bracing between Spandrel Beams and Wall 
Columns. Angle Braces Were Provided at the First, Second and Third 
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Fig. 5—Welding Crews at Work on Roof of Building 


The working stress assumed for the */s-in. fillet welds 
was 3000 Ib. per lin. in. Connection and seat angles 
were burned to size and surfaces to be welded were 
ground to remove burned material. Plates were 
straightened and the edges to be welded were planed 
to an even surface. Any warped surfaces were straight- 
ened or ground to give even bearing and all rust was 
removed in the shop. This not only facilitated field 
erection but insured welds of maximum efficiency. 

All permanent field bolts were 7/s-in. bolts machined 
to afford practically a driving fit and the nuts were 
pulled up with a 3-ft. wrench before any welding was 
done. Bolt holes were sub-punched */, in. in the shop 
and reamed to 7/s in. in the field. After a joint was 
welded all bolts were tested by the field inspector to 
detect any looseness. The use of machined bolts resulted 
in an increased factor of safety and assured a more 
homogeneous connection than would have obtained with 
welding and ordinary erection bolts. Shop rivets were 
’/s in. and the low working stress of 10,000 Ib. per sq. in. 
used for both bolts and rivets further insured a uniform 
distribution of stress in the joint. 

A section of exterior wall 56 ft. long and four stories 
high, together with four floors and roof, overhangs the 
first line of interior columns 8 ft. 7 in. where the building 
frames on the line of and above a portion of the existing 
hospital. This portion of the building is supported on 
two shop-riveted plate and angle cantilever girders at 
the second floor and frames entirely free of the existing 
building. Field connections on this section were also 
welded and bolted. 

Rolled steel slabs for the columns were set October 25th 
and the frame was erected and completely welded by 
December 14, 1932. The average daily length of weld 
per man was 600 lin. in. and welding was completed in 
twenty-three working days by a crew of ten welders. 
Eight electrically driven and two gas driven direct 
current, low voltage type welding machines were used. 
Electrodes were selected to give a dense weld and to be 
free from splashing. Fillet welds were laid down per- 
pendicular to the direction of the finished fillet, never 
parallel to it, and operators were required to hold the 
shortest are possible and to keep the electrode at the 
forward edge of the crater at all times. Electrodes were 
required to conform to Specification E-1A or E-1B of the 
AMERICAN WELDING Society and were coated with an 
approved flux. About 4800 Ib. of 5/s:-in. diameter elec- 
trodes were used. 

A complete set of details of all joints showing only 
the field welding which was required was provided to 
guide the welders in their work. In addition to aiding 
the welder, these details facilitated the checking of the 


finished work. All welding was supervised by a welding 
foreman and two field inspectors. Inspection was aug- 
mented by periodic visits by the engineer. 

William C. Hays was the architect of the building. 
Walter L. Huber was the structural engineer, the writer 
of his staff being directly in charge of the design and the 
inspection of all shop fabrication. The Lindgren and 
Swinerton Company were the general contractors; the 
Judson-Pacific Company, which had a sub-contract for 
the fabrication and erection of all steel work, contracted 
the field welding to Brown Bros. Welding Company; 
inspection of the erection, field welding and bolting were 
handled by the Robert W. Hunt Company. 


Methods Used by 
C. E. Co. for the Train- 
ing of Welding Opera- 
tors and Inspectors 
By JOHN S. STRONG 


+Pa presented at December 16, 1932 Meeting, Chicago 
Section, A. W. S., by John S. Strong of the Commonwealth 
Edison Company. 


I. Discussion to be concerned with training methods 
used by the Commonwealth Edison Co. to meet its 
own peculiar requirements and not with training in its 
more general aspects. 


II. Status of welding technique and welding knowledge 
in our organization prior to instituting of training 
program: 

1. Recognition of the extent to which welding, 
especially electric arc welding, had developed, not 
only as a production tool in the factories of equip- 
ment manufacturers, but also as a repair and main- 
tenance tool. 

2. Instruction of individual employees in the dif- 
ferent departments of the company by sales represen- 
tatives of manufacturers from whom we had purchased 
welding equipment and supplies, resulting in different 
practices and procedures being used. Also resulting 
from this miscellaneous instruction and other available 
sources of information were different and sometimes 
conflicting ideas and opinions about the fundamental 
principles involved in any particular welding job. 

3. Equipment manufacturers have been supplying 
us with mechanical and electrical power equipment in 
which welding has been used to a continually increas- 
ing extent in its fabrication. 

4. Total lack of any standardized welding practice 
in the different departments; lack of any uniform and 
centralized instruction in the practical end of welding; 
lack of any systematic and centralized instruction 
along such technical lines as are commonly regarded 
as essential to an adequate understanding of the 
fundamentals of welding. 


III. Because of this rather confused and haphazard 
state of affairs in our experience with and knowledge 
of welding within the organization, it was decided to 
start a systematic training program which would have 
the following objectives: * 
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1. To educate and train both actual and prospec- 
tive welding operators in the different departments 
not only giving them systematic practical training 
but also teaching them sufficient technical knowledge 
so that they will understand what they are doing. 

2. To instruct all employees alike, that is, to 
centralize, systematize and standardize both the prac- 
tical training and the technical instruction in funda- 
mentals. 

3. To train men—inspectors, engineers and 
others—whose duty it is to judge and pass upon not 
only the quality of welding done within our own or- 
ganization but also the welded products purchased 
from manufacturers, so that they will be competent 
by reason of their technical knowledge and their prac- 
tical training and experience to distinguish at a glance 
between good and bad welding. 

4. To provide a centralized source or clearing-house 
for welding information, that is, to give all company 
employees who are in any way interested in welding 
an opportunity to come together regularly and receive 
instruction and information pertaining to fundamental 
knowledge of welding and also an opportunity to 
bring up for discussion their own questions and 
problems. In this way we hope to develop an ap- 
preciation of welding and the possibilities of its many 
practical uses over the entire plant. In other words, 
the underlying idea is to stimulate interest in welding 
and make employees welding-minded. ‘This includes 
an understanding that certain metal parts in certain 
particular cases can be better joined by one process 
of welding than by another; also, in other cases, other 
means of joining metals may be preferable, that is, not 
everything can or should be welded just because the 
parts happen to be made of metal. 


IV. Welding schools, courses and other methods of 
training previously employed in the industry: 

1. Conventional type of welding school conducted 
at the factories of manufacturers of welding equip- 
ment, in which a maximum of practical training and 
a minimum of technica] knowledge, bearing especially 
upon the mechanical properties and metallurgical 
characteristics of metals, are given to men of widely 
varying educational background, mechanical ability 
and practical experience. 

2. Evening courses conducted by some technical 
schools located in metropolitan centers, featuring the 
theory and calculation of welded mechanical and 
structural designs. Such courses limited to engineers, 
shop superintendents and others having the necessary 
technical background. 

3. Welding conferences conducted by leading en- 
gineering schools and colleges. 


V. Features of the training program set up by our or- 
ganization and the requirements which it must meet: 

1. Departments interested and the use of welding 
in each: 

(a) Generating Stations—each maintains a shop 
and a staff of mechanics, machinists, welders, etc., 
for the repair and maintenance of its buildings, 
structures and equipment. 

(b) Construction Department—trepair work on a 
variety of equipment coming into its Shops; major 
plant repair and maintenance jobs and small al- 
terations in present plant facilities (mechanical 
and electrical structures and equipment in generat- 
ing stations, substations and at other locations). 

(c) Inspection of work done by our own welders; 
inspection of welded products purchased from manu- 
facturers; inspection of welded structures which 


will be erected by contractors when welding comes 

to be used for this purpose. 

2. Training confined to our own employees, with 
a minimum of interruption in the performance of their 
regular duties: 

(a) Not practicable to send men away to welding 
schools conducted by manufacturers. 

(b) Most schools and courses, even if available, 
would not meet the requirements which we have in 
mind for any considerable number of men. 

3. Types of employees and kind of training for each. 

(2) Men actively, but not continuously, engaged 
in arc welding, with a varied range of practical 
experience and a very limited educational back- 
ground. 

(6) Mechanics, gas welders and other regular 
employees, with qiialifications similar to the previous 
group, who may be called upon at some future time 
to qualify as arc-welding operators as the need 
may arise. Instructing such men in the funda- 
mentals of welding and giving them a limited 
amount of practical training serve to build up a 
potential supply of qualified welders within our own 
organization who could be given additional intensive 
training when the volume of work could no longer 
be handled by the present number. 

(c) Engineers, inspectors and supervisors, with 
varying degrees of technical knowledge and experi- 
ence, who should have a thorough knowledge of the 
fundamentals of welding and a sufficient amount 
of practical training to judge and pass upon the 
quality of welding, principally by visual inspection 
and also by such simple tests as are available in 
shop or field. These men, upon completion of this 
training program, should know enough about the 
thermal, metallurgical and mechanical aspects 
of welding so that, under a given set of conditions 
for the particular job at hand, they can, by observa- 
tion of the welder at work and a visual inspection 
of the resulting weld, determine its soundness and 
other qualities and whether it fulfills the require- 
ments of the job. 

4. Training program consists of two major parts: 

(a) Group instruction relating to fundamental 
knowledge and informational aspects of welding: 

1’. Weekly group meetings. 

(a’) Length of each—1'/: to 2 hours. 

(b’) Total number—15 to 18. 

(c’) Location—in welding shop at C. E. Bldg. 

(d’) Equipment—blackboard, screen for 
pictures, welding generator and supplies, shields 
and goggles and testing machine (in Materials 
Testing Laboratory). 

2’. Instructional staff. 

(a’) One man who is a trained metallurgist; 
another who is familiar with the electrical as- 
pects of arc welding and welding equipment; 
a third who is an expert welder and performs 
the demonstration work and also discusses 
some of the practical aspects of welding. 

(b’) Special demonstrations by expert 
welders employed by sales organizations main- 
tained by manufacturers of welding equipment. 
3’. General outline of subject matter. 

(a’) Fundamentals of metallurgy—compo- 
sition, structure, mechanical properties and 
industrial uses of the common metals. 

(b’) General description of the various weld- 
ing processes, their fields of use and their 
limitations (adapted from F. T. Llewellyn of 
U. S. Steel Corp.). 
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(c’) Electric arc-welding process—electrical, 
thermal and metallurgical aspects of the proc- 
ess, including the influence of polarity, arc 
length, current, speed of travel, etc., depositing 
of metal, penetration and other fundamental 
factors. ; 

(d’) Manual arc-welding procedure—metal- 
lic and carbon arc. 

(e’) Classification, characteristics and uses 
of the various basic types of welds and welded 
joints. 

(f’) Welding characteristics of metals— 
metallurgical features as affected by heat, 
strength, expansion and contraction, etc. 

(g’) Types, makes and compositions of 


welding rods. 
(h’) Methods of inspecting and testing 
welds. 


(b) Practical training in electric arc welding. 

(Described by Mr. Sullivan.) 

VI. Results to be expected from this training program, 
especially as they bear upon fundamental knowledge 
relating to metals, the electric arc-welding process 
and its uses and limitations: 

1. Understanding and appreciation of the factors 
involved in the welding of metals, resulting in a better 
grade of work being done. Assuming suitable equip- 
ment and materials, a weld can be no better, on the 
average, than the welder who made it. 

2. Development of the ability to judge the work 
done by others. 

3. Successful results obtained from the use of simi- 
lar training methods, over a period of years, for elec- 
trical operators and other employees performing tech- 
nical and semitechnical work in various departments 
of the company organization. 


Commonwealth 
Edison Welding 


Training Program 
By J. F. SULLIVAN, JR. 


+Pa presented at December 16, 1932 Meeting, Chicago 
Sandlot A. W. S., by J. F. Sullivan, Jr.. Commonwealth 
Edison Company. 


R. STRONG has given you the reasons why the 
training course for welders and those employees 
interested in welding was inaugurated by the 

Commonwealth Edison Company. 

At the time the welding training program was formu- 
lated, it was deemed necessary to give those taking the 
course some practical experience following the instruc- 
tion in the fundamentals of welding. While it was not 
the purpose to actually produce expert arc welders, as our 
volume of work does not warrant increasing our present 
staff, it was intended to educate those doing miscella- 
neous welding and those who come in contact with welded 
products so that they would be able to differentiate be- 
tween good and bad welding upon visual inspection. It 
was believed that a man so trained would be more com- 
petent to supervise field welding and by observation 
would be able to determine a good or poor weld, also to 


make sure that the proper materials and welding practice 
were used for the particular application of each welding 
condition. 

Mr. Strong has told you that there were two classes of 
men taking the course—mechanics engaged in welding 
for operating maintenance work, who were experienced 
in gas welding but who had little training in arc welding. 
The other group was composed of field engineers whose 
duties consist of inspecting and approving construction 
work installed by contractors, in the course of which 
frequent contact was had with products both acetylene 
and are welded. Of this group none had any practical 
experience in arc welding and, although about half the 
group were engineering graduates, their technical knowl- 
edge of welding was limited. 

The great progress made by welding in the metal 
trades during the past three years and a still greater 
increase in its use which we expect will occur when 
activities and construction are again resumed, led us to 
believe that now was the time to educate and train our 
employees in this field. Not only will there be a much 
broader use of welding in the fabrication of construction 
materials and equipment but in many lines field welding 
will continue to supplant older methods. Naturally, 
after the actual construction work is completed there 
comes the maintenance of this welded equipment. 
For these reasons the two classes of men already de- 
scribed were selected for this training. 

It was decided that the actual experience in practical 
welding should follow the technical instruction, because 
to understand the actual welding operation it was 
essential that the men know the fundamental principles of 
metallurgy. 

The instruction in actual welding was divided into 
twelve lessons of 4 hours each once a week, making a total 
of 48 hours. Only two welding machines were available 
so the group was divided into pairs, gas welders being 
paired together and also the field engineers together, the 
reason being to observe the progress made by the two 
groups and to determine the length of time required be- 
fore the men became familiar with handling the elec- 
trode and able to lay down a good bead. The practice 
work was placed under the direct supervision of an 
expert welder employed by our construction shops. 

The first four lessons, or a total of 16 hours, were spent 
on welding plates, the time being evenly divided between 
welding in a horizontal and vertical position, using 
plates of '/s, */s and '/, in. thickness. The work con- 
sisted of making a satisfactory butt weld on plates with- 
out bevel and with single and double bevel, fillet welds, 
butt joints with single and double strap reinforcement 
and plug welds. Each man had to make a satisfactory 
weld in every case before beginning the next item, and 
upon completion the plate was put in a vise and struck 
with a sledge hammer, to break the weld if possible, 
in order to demonstrate the quality of welding each man 
was doing, and also to show him whatever defects oc- 
curred and explain to him how they should be corrected. 

The next lesson of four hours consisted of welding to- 
gether various structural shapes in a horizontal, vertical 
and overhead position. As was to be expected, con- 
siderable difficulty was encountered in making overhead 
welds. Following this, four hours were spent in welding 
a patch on the side sheet of a boiler which required pre- 
paring the opening in the side sheet, cutting a patch to 
fit and welding. During this period, instruction was 
given on the proper use of the oxyacetylene torch for 
cutting and shaping material for fabrication with the 
electric arc. This lesson demonstrated very forcibly the 
importance of considering the effects of expansion and 
contraction in the welded joint: 
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The following four hours were devoted to further in- 
struction on the oxyacetylene torch and, after cutting 
several designs intended for patching, instruction was 
given on the welding torch, and a butt and edge welds 
were made. The remainder of this lesson was devoted 
to arc welding a steel casting. 

Up to this time the bare rod was the only electrode 
used. Lesson number eight consisted of making butt 
joints on cast iron, brass and Everdur metal, using both 
carbon and metallic electrodes mainly for the purpose of 
familiarizing the men with the difficulties encountered 
in this class of welding. 

At this point it was found that the men in the groups 
desired to spend more time on welding work in which 
they were mainly interested, that is, the structural and 
electrical men wanted to practice on welding structural 
shapes, while the mechanical men preferred more ex- 
perience in pipe welding. The work was, therefore, 
arranged so that in the 9th lesson all men welded both 
cast steel and cast iron, but in the last three periods the 
structural and electrical men spent 4 hours on pipe 
welding and 8 hours on additional structural shape weld- 
ing, while the mechanical men spent 8 hours on pipe 
welding and the remaining time on plate welding. The 
pipe welding work consisted of making butt, flange or T- 
joints in both horizontal and vertical positions. The 
plate welding comprised making butt joints with single 
and double strap reinforcement and plug welding in both 
vertical and overhead positions. During the last 12 
hours various welding rods were used from the bare to the 
heavily coated electrode. 

Upon the completion of the 48 hours of practical weld- 
ing work, each man was required to cut and prepare a 
plate of '/2 in. thickness and then make a butt joint in the 
horizontal position. They were then given a piece of 
pipe from 8 in. to 12 in. in diameter and required to 
make a butt joint with the pipe in a vertical position. 
The welder who supervised the practice work also made 
similar specimens. These specimens are to be tested 
by our testing department, but because of conditions 
they have completed very few of the tests. 

During the practical training work, the following 
observations were made: 

1. With one exception, the men who had never done 
any welding adapted themselves to handling the elec- 
trode quicker than the gas welders. Of two men, both 
expert gas welders, one adapted himself to the electrode 
very quickly, while the other was the slowest man in both 
groups. This continued throughout the course, the one 
becoming more proficient in arc welding, while the 
second progressed very slowly. 

2. On an average it required approximately 8 hours 
for the men to adapt themselves to handling the electrode 
properly and to lay down a good bead. Some men 
accomplished this in 4 hours, while a few required a 
greater length of time. 

3. All men could do a fairly good job of horizontal 
welding with either the bare or coated electrode. Natu- 
rally the coated electrode was easier to work with than 
the bare and, once given the proper position to use with 
the coated electrode, they went right along. 

4. About 25% of the men had difficulty in controlling 
the arc on vertical welds. On overhead welding about 
50% of the men could make exceptionally good welds. 
One peculiarity was that some men who were unable to 
make good vertical welds made exceptionally good over- 
head welds. The kind of electrode used made quite a 
difference in the quality of work turned out in the 
vertical and overhead positions. 

5. About 80% of the men made good butt welds on 
plate, while only 60% were able to make good pipe welds. 


The pipe was placed vertically on a table and, after 
welding a portion, the pipe had to be turned and the 
difficulty arose in starting in again where they had left 
off. The percentages given above were evenly divided 
between the gas welders and the men who had never 
done any welding. 

6. The gas welders were less careful in preparing the 
joints than the men who had never welded, which led to 
some difficulty when welding in the vertical position. 

7. The ages of the group varied from 22 to 55 years of 
age, with the average being around 30 years. Asa rule 
the older men did not readily adapt themselves to arc 
welding but, on the other hand, make very good in- 


rs. 

8. The good progress of the men in arc welding was no 
doubt due to a large extent in having an experienced 
welder devote his entire time to supervising their practice 
work and, in having only two men at one time to look 
after, he was able to give particular attention to each 
individual and to offer many helpful suggestions. 

9. While the men desired more than the 48 hours of 
practice work given them, it was felt that they received 
the maximum amount of benefit from the set-up of the 
course previously described. More time, of course, 
would be desirable but, as stated before, the purpose 
was not to make expert arc welders. Whether the 
men would have received greater benefit from six 8-hour 
— rather than the twelve 4-hour periods is question- 
able. 

10. Judging the training program on the basis of the 
interest and enthusiasm displayed by the men it was 
considered very successful, and a second group of men 
are now taking this training program. 

It is highly probable that better training courses have 
been and are being devised for the same purpose, but this 
is the first one we have instituted and was primarily 
laid out to fulfill our Company’s requirements, and as 
such we feel it has very worthily accomplished its object. 


Visual Inspection of 
Metal Are Welds 


By FRANK B. WALKER 


+Pa ted at Meeting of Boston Section, A. W. 5. 
Mr. Walker is connected with the Eastern Massachusetts 
Street Railway Company. 


LTHOUGH the greater percentage of metal arc 
welds is good, certain characteristics of arc 
welding which govern the quality of the work are 

emphasized in the following paper, in order that good 
welds may be readily distinguished from bad welds by 
visual inspection. 
There are three important things which cause varia- 
tions in the appearance of welds. From these differences 
in the appearance of the welds or base (parent) metal, 
the quality of the weld can be determined within reason- 
able limits. These three things are: length of arc; tem- 
perature of arc; cleanliness of the base metal surfaces. 


Length of Arc 


The steel forming the weld passes from the negative 
electrode rod through an envelope of gas formed by the 
arc to the positive base metal. 
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The distance from the end of the electrode to the base 
metal is called the length of arc and is normally about 
'/,in. It is known that the quality and strength of the 
weld will be greater with a short arc and less with a long 
arc, other conditions being equal. 

If the arc is too long, the gaseous envelope is too large. 
This spreads the heat and steel over too much space and 
gives a porous weld of shallow penetration with wide 
overlap (incomplete fusion at the weld edges). It also 
spatters a pattern of small drops of molten steel over a 
considerable area, frequently several inches away from 
the weld. 

A short arc is steady and, being more easily controlled, 
spatters little or no drops and produces a sound weld of 
deep penetration with no overlap. 

If steel drops are spattered more or less thickly near a 
weld or the weld shows overlap, it is probable that the 
weld has a shallow penetration, is porous, is not ductile 
and is of too low strength. A few scattered drops near a 
good weld may be due to the welder purposely striking or 
breaking the arc, but a constantly held short arc will not 
spatter drops. 
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Temperature of Arc 


The quality of a weld is largely dependent upon the 
heat of the are which depends on the amperes used, more 
being required for larger than smaller rods. Laboratory 
tests show that good welding can be done only within a 
very narrow temperature range. 

If the are is too cold, the resulting weld resembles 
cold solder with incomplete fusion, that is, it inadequately 
unites the edges or root of bead with the base metal and 
has very little strength. In appearance the weld is un- 
even, has thick and thin places, possibly with drops of 
steel adhering to the bead, or the edges of the weld curl 
Ps instead of flattening out and merging into the base 

etal, 

_If the are is too hot, the weld steel is burned, or par- 
ually so, and the welds are hard, brittle, porous and 





probably have incipient cracks, if not actual ones. 
Such welds will, in a short time (within twenty minutes, 
if very hot), show their burnt condition by turning a 
rusty red or by the distinct bluish tinge of cinder-like 
burned steel. 

A weld made at the proper temperature will remain 
clean and will have a bright, metallic luster for a long 
time. A weld, being a cast steel, will not corrode very 
quickly if not burnt. 

If a rusty red or cinder appearance develops soon after 
welding, the steel has been burned and is of low strength 
and is unreliable. 

All welding machines have a rheostat to regulate the 
current at the arc. The rheostat should be manually 
varied with changes in line voltage or size of electrodes to 
give the correct welding heat. 


Welding Surfaces 


Good welding cannot be done through a coating of 
paint, scale, rust, dirt, oil or anything else, except linseed 
oil. The actual surfaces under the weld cannot be seen 
after the welding is done, but the inspector can tell by 
the appearance of near-by surfaces whether they have 
been cleaned off with steel brush or cold chisel to the 
bare metal or at least to a thin, tight mill scale before 
welding was started. It is of the utmost importance to 
have clean surfaces. 


Position and Size of Weld Bead 


Welds should be of the right size, in the proper place 
and unite the edges of the base metal properly. The 
weld joining the edges of two plates in a butt weld should 
more than fill the V or opening and, where uniting a 
plate and angle, it should be full and uniform as to loca 
tion, size, etc. (see diagrams). 

It is common practice for the welder to swing his arc 
back and forth across the weld as he progresses along the 
weld seam, making a “half moon bead,” which opera- 
tion unites the edges of the base metal and the bead 
and at the same time makes the weld of the proper thick- 
ness. 

An arc weld is sometimes referred to as a flat, vertical 
or an overhead seam. A simple way to distinguish 
between them is to consider any seam laid down on a 
horizontal or nearly horizontal plane as flat, those welded 
on vertical or nearly vertical plane as vertical, and all 
others as overhead. Flat seams require less skill on the 
part of the welder than the vertical or overhead seams. 


General 


Welds or base metal should not be painted until after 
inspection and approval. 

Each welder should stamp his own number near his 
welds for identification purposes. 

When coated welding rods have been used, it is desir- 
able when making an inspection to clean off the weld and 
base metal with a wire brush, as there will be an ac- 
cumulation of oxidized matter, slag or impurities. 

It is assumed that the base metal is suitable for metallic 
arc welding and that the welding rod used is properly 
treated during manufacture (but not necessarily coated), 
is uniform in quality and is weldable. If the rod does 
not conform to these characteristics, the resulting weld 
will have some of the faults previously described. The 
use of a rod which is not uniform will usually make a 
weld not uniform. 

A run of poor welds may sometimes be found in a good 
welder’s work. This may be due to a variety of reasons, 
such as the use of a welding red of poor quality, rapid 
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changes of line voltage not followed quickly by rheostat 
adjustments, poor electrical ground return, or the welder 
permitting his helper to practice when no one is looking, 
or carelessness. 

When welds are tested, either in the field or laboratory, 
it is suggested that the tests be made in the presence of 
the welder, as it is good discipline for the welder, especi- 
ally when poor work is found, and it is always instructive 
for both welder and inspector. 

A million and half lineal feet of arc weld seams have 
been made during the past thirteen years by at least one 
hundred and fifty different welders under the super- 
vision of the author, and all the bad welding which was 


found on this work can be definitely attributed to the 
following three causes only: 1, arc too long; 2, arc too 
hot or cold; 3, surfaces not clean. 


Appearance of a Good Weld 


A good weld: has no drops spattered near by; has no 
overlap (incomplete fusion at weld edges); has both 
edges merging smoothly into base metal; has uniform 
bright metallic luster; has uniform size and thickness; 
has evidence that base metal was clean before welded. 

Note: Any one interested in structural welding should read the recently 

blished report of the Committee on Structural Welding of the AMERICAN 


BLDING Society. It contains data on qualifying welders and allowable 
unit stresses for different size welds with factors of safety. 








Some Speculations 
into the Explana- 


tion of Fusion 
By C. J. HOLSLAG 


+Mr. Holslag is connected with the Electric Arc Cutting & 
Welding Co. 


AVE you ever stopped to think what fusion really 
is and why it is when a piece of steel or any 
metal is cut apart that it cannot be put together 

again without melting it or getting it to the viscous stage 
of combination of pressure and heat? Why do metals go 
together when viscous under pressure as in extruding, 
smith and resistance welding, but without pressure not 
until completely molten and mixed thoroughly? 

When I went to school we were taught that atoms were 
the smallest particle of matter possible. Now the terms 
of electrons, ions, protons, etc., are common. How- 
ever, I believe that certain theories and facts are explain- 
able without this high-brow knowledge. In welding, 
regardiess of the process, if the adjacent metal is melted 
the molten pools will coalesce or join together. Some 
metals unite readily, others not so easily and some 
require fluxes or absolute cleanliness. Other metals, 
such as mercury, tin, lead, antimony, the bases of solder 
and bearing metals merge readily with other metals. 
Certain bronzes will merge with almost all metals. It is 
strange that phosphor bronze under the arc will run to- 
gether nicely on copper, but Tobin bronze will not. 

I have a theory for some of these actions. Did you 
ever look at crystals forming either under the micro- 
scope or upon the window pane, particularly when a sub- 
stance changes from a liquid or paste to a solid or dry 
form? In practically every case you can see the crystals 


forming that compose that substance and in most cases. 


the growth of the crystal is very plain. 

If you have not seen this action, try a simple solution 
of half salt and water. Put it in the sun and watch it 
with a reading glass. It looks like the formation of a 
snow crystal in the winter time. 

The crystals grow into each other in all directions and 
planes, and it is this interlocking and intertwining that 
knits substances together and gives them their strength. 
In the case of metals the crystals have branches which 


grow in and among each other, so that when they are 
pulled apart it is with difficulty. This results in what 
we call tensile strength, compression and shear. 

The crystal of manganese will, under certain heat 
treatment, have barbs on the ends of the crystal growth 
and they cannot pull apart so easily, hence, such steel has 
twice the strength of ordinary iron metal. Steel itself isa 
conglomerate crystal growth of iron carbon and some 
other impurities that properly do not add to the strength. 
Carbon and, perhaps, manganese add to the desirable 
properties, while sulphur and phosphorus do not, and 
silicon is supposed to be neutral. However, silicon in 
certain amounts and heat treatments makes the best 
magnet iron. Carbon, on the other hand, which is a 
beneficial addition with practically every steel combina- 
tion, when used too much as in the case of cast iron, 
makes the strength less and, when the percentage is 
— than 4, the resultant combination has no strength 
at all. 

The answer is that when too much of some kind of 
crystal growth is formed it separates the stalks or vines 
of the original strength metal just as too much glue is not 
as strong as a smaller amount. 

I mention stalks or vines in order to bring to your mind 
the luxurious growth of a tropical forest in all directions 
and into all planes where the roots and stalks tangle and 
intertwine. When we cut a section and look at it under 
the microscope or make an examination of a micro- 
photograph, we see only one plane at a time, and what we 
call grains are the cut sections of the roots or vines; some 
cut at right angles, some lengthwise and others at various 
angles, but we never see, except by hypothetical examina- 
tion, this intertwining. Our eyes are not stereoscopic 
although some pictures, such as paintings or movies, 
show depth, but in steel and metals we only see a flat 
opaque section. With material such as glass the crystals 
are transparent and we can see through them; hence, 
no help for or against this theory. 

Now to use this theory. Carbon in small amounts 
cements the crystals together by filling in and interlock- 
ing, while in larger amounts it separates the stronger 
vines and substitutes weaker roots of itself. Man- 
ganese with its barbed-like crystals makes steel stronger, 
if certain time is allowed by heat treatment so that the 
crystals can grow as desired. If that time is not allowed 
the manganese steel will not have those properties. 
Hence, welded manganese steel of the same analysis will 
not have, unless given proper time, the same properties 
as the original manganese metal. The welding of mat- 
ganese steel is further complicated by the fact that the 
manganese has a great affinity for oxygen. As a matte 
of fact, oxygen will unite with any metal and, thereiore, 
it must be kept out in welding if there is to be any 
strength to the resultant weld. Moreover, desirable 
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elements, such as titanium, vanadium, chromium and 
tungsten, tend to escape upon heating, causing the 
formation of oxide or nitrides which can be seen upon 
etching between the good vines or crystals, thus weaken- 
ing them. The addition of nickel will retard the burn- 
ing out or escape of manganese, chromium and vanadium. 
Nickel will make manganese grow its vines properly and, 
when alloyed with chromium and vanadium, will grow 
properly without manganese under almost all conditions. 

Let us consider for a moment the phenomena of gluing, 
soldering, brazing and amalgamation of mercury. Mer- 
cury is more dense than the metal it enters. That is, it 
gets in between the roots of copper. Brazing is a similar 
phenomenon at a little higher temperature and so is solder. 
Gluing represents a true crystal growth. Upon drying 
it forms crystals which enter into the wood or paper parts 
which are being glued. The lighter metals, on the 
other hand, such as aluminum, magnesium and die-cast 
metals act differently than mercury, lead and tin, and 
are very hard tojoin. These lighter metals would proba- 
bly merge with steel except for the difference in melting 
points. The stalks of these latter metals are small and 
form fine grain crystals. 

We cannot, by any method at present, see stereopti- 
cally into the joints. Any section we see presents the 
same flat one-plane characteristics. This is true of the 
double or triple X-ray which only presents views of planes 
inside of the metal which could be obtained by cutting 


and etching at the point. Magnification only increases 
the size of the sections. 

Heat treatment allows crystal stalks to more firmly 
settle and continue their growth. If the heat treatment 
process continues too long or at too high a temperature 
the crystals of material sometimes will grow into defined 
clusters called large grain growth which separate into 
different groups with consequent weakness of strength 
between the group. Heat treatment at different tem- 
peratures produces various kinds of fine growth just as 
climatic conditions make different forest and jungle 
growth and just as the human body grows slightly differ- 
ent in the various positions of the earth according to 
climatic conditions and food supply. 

In welding heat treatment growth can be used ad- 
vantageously by the natural action of subsequent layers, 
bringing the vines or crystals into better contact without 
affecting the parent metal. Tempering is easily ex- 
plained by this. For example, the vines cannot adjust 
themselves but are frozen into strained positions. Me- 
chanical working aligns the vines or crystals into order 
and gives ductility or tenacity. Too much stressing 
beyond the elastic limit causes the natural root inter- 
locking of crystals to split into groups called grain growth 
of crystals. In wrought iron this splitting up is carried 
on until it may become visible to the naked eye. 

I would welcome discussion from any one interested in 
these theories. 





Stresses in 


Branch Connection 
By HERBERT P. SMITH 


+Pa presented at January 11, 1933 Meeting, Pittsburgh 
Section, A. W. S., by Herbert P. Smith of H P. Smith 
Company. 


OME years ago branch connections were made in 
pipe by marking and cutting a hole in the run of 
pipe, then cutting, fitting and welding the branch. 

At that time this method of fabrication was considered 
satisfactory because of the lack of proper welding 
fittings. Nowadays, however, with the ever-increasing 
pressures, it is my contention that a better and more 
satisfactory method of fabrication of this particular 
phase of piping should be used 

Tests of headers were recently made to determine 
the ultimate strength of welded branch connections. 
Four headers were made up—two 10 in. and two 12 in. 
To these, branches of 6 in. 8 in., 10 in. and 12 in. were 
welded with all ends of the run and branches sealed 
with bull plugs. The headers were tested to destruction 
by applying and reapplying hydrostatic pressure into 
the headers through bosses installed in the bull plugs. 
Now, with one exception, all the headers fractured in 
the same location. The exception was on one 6-in. 
branch, welded into a 10-in. header of 0.365-in. wall of 
lap-welded pipe. This unit failed when the seam of the 
6-in. branch opened’ up and for this reason the unit was 


not further considered in the test. All the other headers 
failed at the 90-deg. intersection which would tend to 
support the theory that this is the weakest point of 
any welded piping system. In these cases, they fail 
longitudinally and I believe there are several ways of 
reinforcing branch connections to compensate for this 
inherent weakness at the 90-deg. intersection. 

One is the use of Weldolets on piping systems designed 
for pressures up to 1000 to 1200 Ib. at little or no tem- 
perature, 600 to 700 Ib. at 300 deg. Fahr., 400 to 500 Ib. 





Test No. 1—A Close-Up View of thé Rupture of the 8-In. Branch. Note 
the Longitudinal Direction of the Crack 
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Test No. 2—A Rather Complete Fracture of the 10-In. Branch Outlet of 
the 10-In. Header. The Soostare First Occurred Longitudinally along 
the 90° Intersection 


at 750 deg. Fahr. It is claimed that the reinforcing 
rib design of these fittings insures the intersection to 
such an extent that it is brought up to full pipe strength. 

For pressures and temperatures above these men- 
tioned, the use of a welding pad or nozzle is recom- 
mended. Welding tees are also satisfactory for this 
work although the latter two methods are considerably 
more expensive than the former. 

With further reference to the tabulated results of 
this test of intersection welds, let me point out two 
instances which, I believe, were not computed properly. 





Test No. 3—6-In. Branch. Seam of Pipe Opened Up at Point Marked 
with Chalk 





Test No. 4—Note Fracture Took Place Directly through the 90° Intersec- 
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No. 1 lap-weld pipe 10 250 10 0.365 750 1705 3700 25,100 25,000 26,000 6.8 56 8-In. outlet weld cracked at 90° 
intersection 
8 0.322 
6 0.286 E 
No. 2 seamless pipe 10 900 10 0.750 2000 6500 6400 46,500 26,500 28,000 7.2 97 Header ruptured through 90° 
intersection of 10-in. branch 
8 0.625 
6 0.50 
No. 3 lap-weld pipe 12 400 10 0.5 1000 2500 5100 31,000 25,000 26,000 Pipe seam of 6-in. branch opened 
up (factor of safety and per- 
centage not considered) 
8 0.5 
6 0.4382 
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section of 12-in. branch 
Average i. 2 
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The first deals with the factor of safety. You will 
note that these factors of the three headers are added 
and then divided to arrive at an average factor of safety 
of 7. On the theory of “‘A chain is only as strong as its 
weakest link,’”’ why wouldn’t this be 6.8 or the lowest 
factor of safety? 

The same applies in the other instance where the 
percentages of efficiency are added and then divided 
to arrive at an average efficiency of 77%. This figure 
is supposed to represent what we may expect as the 
ultimate strength of branch connections in welded piping. 
However, I believe that this figure should be 56%, as on 
Test No. 1, for the design of piping covered in this test. 

To further explain these percentage figures—they 
represent the percentage of strength of a header having 
one or more branch outlets compared to what we may 
expect from a length of pipe having no outlets in ac- 
cordance with A. S. T. M. specification A-106-29. 

To illustrate how much of a reinforcement this rib 
on the body of a Weldolet really is, let me briefly describe 
the results of a simple test run by a local fabricating 
company on its sister fitting—Thredolets. This fitting 
is the same in design as the Weldolet except that the 


hole is tapped for a threaded connection. It had been 
claimed by some engineers that the temperature used in 
welding the fitting to the run of pipe would warp 
the threads. Those interested in the manufacture of 
the fitting claimed otherwise. So a test was run to see 
who was right and the aid of this local fabricating com- 
pany was enlisted. A 6-in. header about 6 ft. long 
with cast-iron blind flanges on both ends was used. 
To it was welded 6 x l-in., 6 x 2-in., 6 x 3-in. and 
6 x 4-in. Thredolets. The outlet holes were plugged 
and hydrostatic pressure up to 400 lb. was used along 
with some hammer blows to represent shock. The 
pressure was then released due to fear of failure of the 
cast-iron flanges. Steel flanges were substituted and 
installed on both ends and the pressure and blows re- 
peated. It reached between 950 and 1000 Ib. when a 
slight leak was noticeable at the threads of the 2-in. 
outlet. Of course, no threaded joint would be used for 
piping this pressure, but the results of this test will 
give an idea of the rigidity of the manufactured fitting 
and how it will compensate for stress weaknesses at the 
90-deg. intersection of branch connection. 
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An Interesting 


Cylinder Rack 


By S. C. CLARK 


+Mr. Clark is connected with The Linde Air Products 
Company. 


HE oxyacetylene blowpipe, widely used for repair 

and production work either in a plant for the 

plant’s‘own benefit or as a means of doing work 
for others, is also made to do still more in and about the 
shop as an effective odd job tool, in many cases for 
fabricating small or large special articles that further the 
efficiency of the shop equipment itself. 


J \44 Elbow 


Jigs and fixtures have to be made to accelerate the 
speed of a production welding job, racks have to be 
fabricated to hold welding equipment, needs for other 
odd pieces of shop equipment are always cropping up, 
and what better method is there than the oxyacetylene 
process for the rapid and economical fabrication of such 
items? 

One shop needed a safe and convenient method for 
holding surplus oxygen cylinders where they would be 
kept in order, out of the way, and still be in readiness 
when needed. This was the plant welder’s problem, 
and he naturally turned to the blowpipe to solve it for 
him. 

A rack along one side of the shop would be admirably 
suitable and could be easily fabricated from the pile of 
scrap pipe in the yard. The sketch shows how this work 
was carried out. Scrap 1'/,-in. pipe and fittings were 
bronze-welded together as shown. The flanges on the 
end of each arm hold the oxygen cylinders securely, yet 
cylinders can be easily placed in the rack or removed 
when needed. 

A little thought applied to the job enabled the welder to 
increase, through this use of the blowpipe, the efficiency 
and orderliness of his shop. Innumerable other jobs of 
similar character are also being carried out daily by users 


of oxyacetylene equipment to their own profit and 
benefit. 
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“WELDING SURVEY 


A Monthly Review of Some Important Phases of Welding 








Welding Aluminum 
and Alloys 


By J. R. SCHMIDGALL 


Loupsented a 5 Movember Ii, 1932 Meeting of Los Angeles 
Section, A. W. S., A J. Schmidgall, Sales Engineer, 
oS oo F Bnew sang 


HE rapid growth in the use of aluminum and its 

alloys and the consequent need for a satisfactory 

means of fabrication, has brought about a demand 
for methods particularly adapted to the joining of these 
materials. A common method of uniting metal parts 
is by welding. Welding provides a means of making 
permanent joints and repairs on aluminum and aluminum 
alloy products. 

The subject of joining is quite broad and may be 
made rather involved; however, I am going to confine 
my remarks to the joining of aluminum by the process 
of welding. 

However, the subject is still large and may be pruned 
down further to include only a specific type of welding 
or that form known as fusion welding. Of the two types 
occurring under fusion welding the electric arc welding 
method is used less than the torch method, due to the 
fact that the latter is a much more common method and 
the fact also that until 1930 the electric arc method of 
welding aluminum successfully was comparatively diffi- 
cult. Now, however, within certain limits, the success- 
ful commercial arc welding of aluminum and its alloys 
is being done by several fabricating plants. 

Briefly, the equipment used is a welding generator, a 
pair of lead cables and electrode holder, a ground clamp, 
an operator’s helmet or shield and a supply of electrodes. 
The welding generator should be capable of delivering 
50 to 300 amps. and an open circuit voltage of about 60 
volts. The electrodes required are 2S pure aluminum 
wire for welding 2S or 3S and a 5% silicon wire for 
welding the strong alloys, that is, 17S, 25S and 51S. 

The strong alloys are all somewhat “‘hot short” and 
all have a high coefficient of expansion. Furthermore, 
they all melt at temperatures less than that of 2S. 
Therefore, if a 2S electrode is used, the added metal in 
the weld will solidify before the metal of the sheet. 
This places the contraction strains in the alloy sheet at 
a time when that metal, because of its high temperature, 
is quite weak. This is likely to cause the formation of 
cracks adjacent to the weld, especially if the metal is 
clamped in a jig. 

This 5% alloy melts at a temperature slightly below 
the strong alloys and is noted for its hot strength and 
slight solidification contraction. The 5% silicon alloy 
or electrode should, therefore, be selected for welding 
any alloys of aluminum excepting 2S and 3S. 

The electrodes are of the flux coated type. In fact, 
the whole secret of successfully arc welding aluminum 








and its alloys depends upon the use of a proper flux. 
It has been found that a '/s-in. diameter electrode will 
prove satisfactory for practically all gages up to '/, in. 
provided that the operator varies his technique to suit 
the thickness of the metal. Since the flux coating is an 
insulator, it is necessary to limit the electrode length to 
such that when it is gripped at one end by the electrode 
holder, it will not be unwieldy. Experience has shown 
that an electrode about 15 in. long and coated to within 
1 in. to 1'/2 in. of one end is quite satisfactory. 

Just as a proper flux is essential for successful torch 
welding, so it is for arc welding. This flux must serve 
the same purpose in arc welding that it does in torch 
welding. In addition, it must decrease the surface 
tension of the aluminum so that the molten metal will 
flow smoothly from the end of the electrode without the 
formation of drops. A flux has been developed by the 
Aluminum Corporation which meets these requirements. 

For coating the electrodes the flux is mixed with water 
to the consistency of thick paint and the wires are dipped 
in this paste. The excess flux is allowed to drain off 
and the rods are then dried. The flux coating on the 
metallic arc welding electrodes should be approximately 
0.025 in. to 0.030 in. thick. To secure this thickness 
it has been found advisable to dip the rods twice, thor- 
oughly drying the first coating before the second one is 
applied. 

The dipping tube or trough should be made from 
aluminum or brass. Iron should be avoided, as the 
chemical action of the flux on that metal will cause 
contamination. 

Preparation of the edges is not required on sheet up to 
1/ in. thickness, as the metallic arc will produce complete 
penetration when the edges are merely butted together. 
Material thicker than '/; in., however, should have the 
edges beveled to form a 90-deg. V. It is also advisable 
to have some type of jig to hold the work in line when 
doing metallic arc welding. 

Movement of the electrode along the seam may be in 
either a forward or backward direction, as the operator 
desires or the work dictates. The movement, however, 
should be at a uniform rate so that an even bead is 
made. To secure the best results, the electrode should 
be held either vertical or inclined not more than 30 deg. 
If the latter is used the electrode should point away from 
the direction of motion. 

The most practical use of the metallic arc for aluminum 
welding is in making a straight butt weld or a corner 
weld. 

The metallic arc can be used for welding aluminum 
sheet No. 14 B.S. gage and heavier. An upper limit 
has not been set, as this limit depends more upon the 
results desired than on the possibilities of the process. 
The heaviest material used experimentally was */s-in. 
sheet and the welds were very satisfactory. The lower 
limit can rather definitely be placed at 14 gage as it 
has been found that lighter material will burn through 
with the minimum current that can be used. 


Difficulties 


One of the difficulties peculiar to this process is the 
formation of the insulating, fused flux coating over ‘lie 
tip of the electrode when the arc “blows out.” [0 
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re-establish the arc, it is necessary to tap the end of the 
electrode on the work until the coating cracks off or to 
clip the end of the rod off with a pair of pliers. 

Moving along the seam too slowly results in burning 
holes or in developing an excessive bead. Using too 
high a current will result in burned work and too low a 
current results in little or no penetration. 


Advantages 


The most outstanding advantage in the use of metallic 
arc welding is in its cheapness; the operating speed of 
this method is greater than for any other fusion welding 

rocess. 

The metallic arc-welding process is particularly appli- 
cable to certain classes of work such as the reclamation 
of defective casting in foundries, repairing broken cast- 
ing, architectural shapes, etc. There is less buckling 
and warping of the work when arc welding than when 
torch welding, and preheating before welding can be 
largely eliminated. The temper of the sheet is less 
affected during arc welding than during torch welding, 
as in the former case the heat is much more concentrated 
and localized and the weld is made much more quickly. 

The flux used in arc welding, like that for torch weld, 
is corrosive and must be removed after welding is com- 
pleted. The most satisfactory method to remove this 
flux is to soak the weld in hot 5% nitric acid or warm 
10% sulphuric acid solution for a short time and then 
to rinse it in hot water. Soaking in hot water, at the 
same time scrubbing the weld with a stiff brush, is also 
quite satisfactory. The weld may be cleaned by im- 
pinging a steam jet on it—this method has advantages 
for removing the flux from corners. 

The other and more common method of welding 
utilizing either oxygen-hydrogen or oxygen-acetylene 
is being used very extensively throughout industry. 
This class of welding may be used to make any of the 
conventional types of welds, that is, butt, lap, T, fillet, 
etc., as are made in other metals. 

Some training will be necessary before a welder can 
turn out consistently reliable results with aluminum. 
This metal has distinct characteristics of its own, which 
involve a somewhat different technique from that re- 
quired with steel, cast iron and other metals. This 
technique, however, is by no means difficult to acquire 
for, in point of fact, aluminum is one of the most readily 
weldable of all metals. 

Torch welding is applicable both to the manufacture 

of articles from sheet aluminum and to the repair of 
aluminum alloy castings. In these two applications 
the methods of working are generally the same, although 
the difference in physical properties may involve slight 
modifications. Aluminum alloy castings are more brittle 
than pure aluminum sheet and there is a greater danger 
of cracking due to expansion and contraction effects. 
On the other hand, the pure aluminum sheets are nor- 
mally much thinner than aluminum castings and require 
a more delicate handling of the torch. For both classes 
oi material certain precautions are necessary if reliable 
welds are to be obtained. 
_ The apparatus required for torch welding aluminum 
is the same as that required for other metals and con- 
sists essentially of a supply of oxygen and hydrogen, 
or acetylene, with reducing valves and safety valves, 
torches and a series of tips. 

The selection of the correct size of torch for any 
particular work is largely a matter of experience. 

In Table I the approximate sizes of tips and the gas 
Pressures to be used in welding aluminum of different 
thicknesses are given. The size of the tip must largely 


depend upon the shape and size of the object to be 
welded, as well as upon the thickness, since the larger 
articles have a greater capacity for heat and a larger 
radiating surface. The size of the tip also depends 
upon the skill of the welder; a quick worker will be able 
to use a large tip, which in the hands of a slower and 
less experienced man would result in overheating and 
the formation of holes. 


Tip Table 


In welding aluminum and its alloys, an oxyhydrogen 
flame is usually used whenever it will supply sufficient 
heat for the job at hand. The oxyhydrogen flame pro- 
duces a clean and satisfactory joint and usually supplies 
sufficient heat for welding metal up to */s in. in thick- 
ness. As indicated in Table I a larger tip is used for 
hydrogen than for acetylene on any given gage of sheet. 
Whether using hydrogen or acetylene, the torch should 
be carefully adjusted to show a neutral flame, since this 
gives the best speed and economy, as well as a cleaner 
and sounder weld. 








Table 1—Approximate Size of Tips and Relative Gas Pres- 
sures Used in Welding Aluminum of Different Thicknesses 


Eprtrors Note: These values will vary with different torches. 


Oxyhydrogen 
Metal Oxygen Hydrogen 
Thickness, Size of Orifice Pressure, Pressure, 
B. & S. Gage in Tip, Inches Lb. per Sq. In. Lb. per Sq. In, 
22 0.025 1 1 
20 0.035 1 1 
18 0.045 1 l 
14 0.055 1 1 
12 0.065 2 1 
8 0.075 2 1 
6 0.085 3 2 
5 0.095 3 3 
4 0.109 4 2 
3 0.125 4 2 
2 0.135 4 2 
0 0.150 7 5 
Oxyacetylene 
Metal Oxygen Acetylene 
Thickness, Size of Orifice Pressure, Pressure, 
B. & S. Gage in Tip, Inches Lb. per Sq. In. Lb. per Sq. In. 
24 Ga. to 18 Ga. 0.031 1 2 
16 Ga. to 14 Ga. 0.042 1 2 
12 Ga. to 10 Ga. 0.051 8 6 
1/, in. to */)¢ in. 0.062 12 Ss 
1/, in. 0.074 20 8 
5/16 in. 0.084 25 8 
3/, in. to 5/s in. 0.095 25 s 








Points about Flux 


All aluminum is coated with a thin film of aluminum 
oxide which prevents the easy coalescing of the two 
surfaces of molten metal. The production of a sound 
weld in aluminum necessitates the removal of this 
obstructing oxide film. Aluminum oxide is so refractory 
and tenacious that it can only be removed from the 
welding zone by mechanical means or by solution. 

Good fluxes are prepared by a number of reputable 
manufacturers. The Aluminum Company of America 
markets a flux for welding aluminum known as “‘No. 22 
Welding Flux.” 

A satisfactory way to use the flux is to mix it with 
water to consistency of a thin paste (about two parts 
of flux to one part of water). A day’s supply of the 
flux should be made up each morning. Aluminum 
flux should be kept tightly closed to prevent decomposi- 
tion. 

The flux paste may be applied to the seam to be welded 
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by means of a brush. If a welding wire or rod is used, 
the most convenient method is to dip the wire or rod 
into the flux paste just prior to welding. The coating 
of flux on the wire dries and melts in the heat ahead 
of the torch flame, removing the oxide film as it goes. 
This leaves the metal in an absolutely clean condition, 
so that when it melts the parts readily coalesce. 

The careful selection of the wire or rod is necessary 
for insuring a successful job. Commercial aluminum 
(2S) and the aluminum-manganese alloy (3S) should 
ordinarily be welded with pure aluminum wire, while the 
strong aluminum wrought alloys (17S, 25S and 51S) 
can be welded with a stick of the same composition as 
the alloy, provided the parts of the structure are free 
to come and go with the thermal expansion and con- 
traction of the joint being welded. 

In many jobs, however, the parts are held tightly in 
jigs, so that they are not free to move. In such cases 
it is strongly recommended that a welding rod consisting 
of 5% silicon, 95% aluminum be used. This holds 
regardless of the composition of the alloy, but it is 
more necessary for the strong alloys as they are more 
hot short than pure aluminum. 

The 5% silicon alloy coalesces readily with all of the 
aluminum alloys, has good corrosion resistance and high 
strength. It is safe to use it in welding any of the 
regular aluminum alloys. 

Ordinarily '/s-in. diameter rod is suitable for welding 
any thickness of metal up to '/s-in. and °/s:-in. diameter 
rod for the heavier gages. However, this welding rod 
may be obtained in any gage to suit individual prefer- 
ence. 

No special preparing of the edges of the sheet is neces- 
sary on the thinner gages; however, better results are 
obtained on the heavier plates if the edges are beveled 
and perhaps notched. The work should be so supported 
that the under side of the weld is free, in order that the 
added thickness of metal in the weld may form a slight 
bulge on the under surface, which can afterward be 
dressed down if desired. 


Buckling 


In welding flat sheet a certain amount of buckling is 
practically unavoidable, because of expansion and con- 
traction effects. However, most of the buckles are 
localized in the welded area and they can be straightened 
out by hammering after welding. 


Speed of Torch Manipulation 


In welding of aluminum, the speed of working is 
much greater than in the welding of steel, and the move- 
ment along the seam becomes more rapid as the metal 
becomes heated. It is important when starting that 
the two edges should commence to melt before any 
filling material is melted. The welder quickly learns 
to judge the correct instant to commence running up 
the seam. If the torch is kept at an angle of about 
30 deg. to the surface being welded, it will prevent a 
too rapid melting of the metal in a restricted area. 

Another difference between welding aluminum and 
other metals is the fact that it is impossible to determine 
the melting point by the color because aluminum does 
not change color through the entire heat range used in 
welding. That is, it does not become red hot, but 
maintains its characteristic silvery white color even in 
the fluid state. 


Welding Commercially Pure Aluminum 
The parts are assembled before welding in much the 


same way as in welding steel sheet. Long seams should 
be tack welded progressively from end to end at intervals 
of 2 to 4 in., in order to prevent the edges slipping by 
each other. After tacking the flame of the torch is 
played upon both edges of the pieces simultaneously, 
causing them to melt and, the oxide being removed by 
the flux, the molten edges flow together and coalesce. 
When a welding rod is used, the tip of the rod should be 
held in the flame near the metal. The welding rod is 
melted by the flame as the heat in the puddle alone is 
not sufficient to melt the rod. The weld should be built 
up 1/1 in. to '/s in. above the surface of the base metal. 

In welding long seams, if pronounced buckling of the 
metal occurs, it should be straightened out by hammering 
before proceeding further with the welding. 


Strength of Welds 


In the case of a hard rolled pure aluminum sheet, the 
zones on either side of the weld usually constitute the 
weakest part. The thickness of the sheet at the weld 
can be increased by the addition of welding rod. The 
partially annealed zones on either side of the weld, 
however, remain so that whatever the original temper 
might have been, the final strength will be about 14,000 
Ib. per sq in. 

A series of tensile strength tests on welded joints of 
annealed 2S and 3S from '/, in. to */, in. in thickness 
showed a strength efficiency of from 75 to 92% for the 
welded joint. The average strength efficiency for 
welds which had been chipped but not hammered was 
found to be 75%. 

With the heat-treated wrought alloys, such as 17S, 
25S and 51S, it might be expected that if the whole 
object is submitted to heat treatment after welding, the 
original strength would be regained; however, these 
alloys in the cast condition are much less susceptible 
to heat treatment than in the worked state. 


Finished Welds 


As soon as the weld is completed and the work has 
had time to cool, it should be thoroughly washed to 
remove all traces of flux. Practically all successful 
aluminum fluxes are corrosive to the metal, otherwise 
they would not be serviceable. It is, therefore, of 
prime importance that the flux be thoroughly removed 
within a few hours after welding, especially if the com- 
pleted job is to be painted or finished. Merely cleaning 
by means of hot water and a brush is not thorough 
enough to remove flux from the smaller crevices. A 
very efficacious scheme for removing the flux is to wash 
the welds first in hot water and then in a hot 5% solu- 
tion of nitric or sulphuric acid. The acid solution 
should afterward be washed off with clean, hot water. 

When practicable it is advisable to hammer the welds 
in sheet subsequent to chipping. Hammering tends to 
relieve the contraction strains set up during the cooling 
of the weld and adjacent metal. Hammering will not 
be sufficient completely to break down the cast struc- 
tures in the weld, but it will tend to eliminate the cast 
structure to some extent and produce a more nearly 
uniform condition throughout the object. Hammering 
also has a tendency to obliterate any surface porosity 
that may be present in the weld. By grinding the weld 
after hammering it may be possible to make the weld 
almost indistinguishable from the parent metal. 

The use of aluminum is on the increase daily and, 
consequently, there is more and more welding being 
done. 
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Developments in Pres- 
sure Vessel Welding 
in 1932 


By C. W. OBERT 


+Mr. Obert is connected with the Union Carbide and 
Carbon Research Labs., Inc. 


ITH the present restrictions in business there has 
been considerably less construction in the 
pressure vessel field during the past year than 

in former years, but for such construction work as has 
been reported fusion welding has predominated. Both 
the manufacturers and users of pressure vessels have had 
time to become acquainted with the new A. S. M. E. 
Welding Rules that were issued in 1931 and advantageous 
use has been made thereof. This construction work has 
been fairly equally divided among Classes 1, 2 and 
3 as prescribed by the A. S. M. E. Unfired Pressure 
Vessel Code and very satisfactory results have been 
obtained. 

Reports from the petroleum field tend to indicate that 
welded construction is favored for pressure vessels used 
in modern high-pressure, high-temperature distillation 
work. A sufficient number of manufacturers have 
equipped their shops for production of Class 1 welding to 
produce the required vessels with welds of the required 
quality. In addition, the manufacturers in the Class 2 
field have been active and have produced enough welded 
vessels to become familiar with the applicability of the 
new rules. Class 2 welding has been used satisfactorily 
for the construction of some very large vessels. Some 
dissatisfaction has been expressed by certain of these 
manufacturers over the limits placed on this class and 
there appears to be a tendency for them to recommend a 
slight liberalization of the Class 2 field so as to include 
therein digesters and certain types of pressure kilns. 
The Boiler Code Committee has that general question 
under consideration and it has also interpreted the 
rules liberally when detailed questions of the sort have 
arisen, 

Apparently an item of contention in the Class 2 and 
Class 3 welding fields is the question of qualification of 
welders. Several manufacturers of welded products 
have complained that the cost of qualifying welding 
operators under the present Code rules is unreasonably 
high and requests have come to the A. S. M. E. Boiler 
Code Committee to lighten or simplify the requirements. 
One of the objections is directed toward the requirement 
for checking the welders’ qualifications every six months; 
arguments have been advanced that, when a welding 
operator is employed continuously on a certain specified 
class of welding work, his qualifications need not be 
checked more often than once a year. While the Boiler 
Code Committee is giving this proposal serious con- 
sideration, there appear to be a sufficient number of 
manufacturers who are obtaining satisfactory results with 
the present requirements to render it doubtful if any 
material change in the qualification requirements will 
made for some time to come. Not only do the in- 





spectors and inspection departments who have the duty 
of administering Code rules feel the need of such restric- 
tions at the present time, but also the manufacturers 
working on welded products find that such qualification 
requirements are advantageous in holding the welding 
operators up to the desired high standard of quality 
welding. 

While there have been no material changes in 1932 in 
the new A. S. M. E. Welding rules introduced in the 
previous year, there have been important additions 
thereto. In the welding rules issued in 1931 there were 
no provisions for the reinforcement of openings cut in 
pressure vessel shells, or for nozzles or manhole attach- 
ments. Last year witnessed the completion, however, of 
comprehensive and adequate rules for such reinforce- 
ments and their addition to the Boiler Code rules 
marked the adoption, for the first time in any code, of 
complete and practical rules for this purpose. These 
rules are empirical, having been based on the results of 
actual satisfactory pressure vessel practice, yet the 
method of application has been worked out in such a 
complete form that there is no difficulty in applying 
them to any opening cut in a shell or head. These new 
rules will do much to enhance the application of fusion 
welding to pressure vessel construction and will un- 
doubtedly eliminate the uncertainties that have ex: 
isted in certain types of welded pressure vessel construc- 
tion. 

The example cast by the introduction of the new 
A. S. M. E. Welding rules has led to the formulation of 
similar rules by other bodies. Notable among these are 
the tentative changes and additions to the General Speci- 
fications of Machinery of the U. S. Navy Department, 
which provide broadly for use of fusion welding on all 
naval vessel equipment except hull construction. These 
proposed changes and additions embrace rules that are 
somewhat more stringent than those given in the A. S. 
M. E. Code rules, on account of the special conditions 
encountered on shipboard. They have been issued and 
are now under discussion by certain Committees of the 
Society; when they are completed it is the hope that 
permission may be obtained to reproduce them in the 
Journal. 

The American Petroleum Institute is also at work on a 
proposed set of rules for the design and construction of 
pressure vessels for petroleum products, in which will be 
incorporated rules for welding that are very similar to 
those in the A. S. M. E. Code. Due to the special 
conditions encountered in petroleum refinery work, such 
as high temperature operation, rapid corrosion, flam- 
mability of the contents, etc., it has been considered 
desirable to provide specialized requirements for the 
particular service in question that differ somewhat from 
those applicable to ordinary stationary pressure vessel 
service. The differences involved relate to allowable 
working stresses, factors of safety, provisions for corro- 
sion, distinctions between classes of riveted and welded 
construction and certain of the details of pressure vessel 
construction. A tentative draft of these proposed rules 
has been prepared which is now under joint considera- 
tion of the A. P. I. and the A. S. M. E. 

The field of pressure vessel welding has certainly ‘‘set 
its house in order’’ and is indisputably prepared for the 
reconstruction period that will inevitably follow the 
depression. In no division of the mechanical engineer- 
ing field are conditions more favorable for expeditiously 
meeting the demands of industry and, as a result, it is 
quite likely that the return of normal business condi- 
tions will see a great development in fusion welding. 
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